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<g) Steroid derivatives. 

Q) This invention relates to steroid derivatives^ pjmmagyjjc^ ft™!^^ 

^pounds alone or together with other cholesterol control agents and metres or Jher use for 

Regulating »m receptor gen/ expression, lowering serum LDL cholesterol and/or inhibiting 

atherosclerosis. Said steroid derivatives have the formula : 
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The present invention relates to steroid derivatives, to pharmaceutical compositions containing those com- 
pounds and to methods of their use. 

Ail mammalian cells require cholesterol as a structural component of their cell membranes and for non- 
sterol end products. Cholesterol is also required for steroid hormone synthesis. The very property, however, 
that makes cholesterol useful in the cell membranes, its insolubility in water, also makes it potentially lethal. 
When cholesterol accumulates in the wrong place, for example within the wall of an artery, it cannot be readiy 
moblized and its presence leads to the development of an atherosclerotic plaque. Elevated concentrations of 
serum cholesterol associated with low density lipoproteins have been demonstrated to be a major contributory 
factor in the development and progression of atherosclerosis. 

In mammals, serum lipoprotein is composed of cholesterol together with cholesteryl esters, triglycerides, 
phospholipids and apoproteins. Serum or plasma lipoprotein is comprised of several fractions. The major frac- 
tions or classes of plasma lipoproteins are very low density lipoprotein {VLDL).intermediate density lipoprotein 
(IDL). low density lipoprotein (LDL). and high density lipoprotein (HDL). These classes differ from one another 
Tsize and density in the relative proportions of triglycerides and cholesteryl esters ,n the core, and in the na- 
ture of the apoproteins on the surface. 

In mammals, serum cholesterol is derived from exogenous dietary sources as well as through endogenous 
synthesis. Endogenous synthesis of cholesterol involves a complex set of enzyme-catalyzed reactions and reg- 
ulatory mechanisms generally termed the mevalonate pathway. Cells face a complex problem '"J^abng 
mevalonate synthesis because cholesterol, the bulk end product of mevalonate metabolism, is derwedfrom 
plasma low density lipoprotein which enters the cell by receptor-mediated endocytosis. as well as from syn- 
thesis within the cell. Each cell must balance these external and internal sources so as to sustain r^valonate 
svmhesis while avoiding sterol over accumulation. This balance is achieved through feedback regdaton ofa 
St So sequential enzymes in mevalonate synthesis. 3-hydroxy-3-methylglutaryl coenzyme AjHMG-CoA) 
synthase and HMG-CoAreductase and also of LDL receptors. In the absence of LDL, ma^ian cells maintain 
N* activities of the two enzymes, thereby synthesizing mevalonate for production of cholesterol as well as 
the notTtero. products. vZn LDL is present, from exogenous sources. HMG-CoA synthase and reductase 
activity is repressed and the cells produce smaller amounts of mevalonate for the non-sterol end products. 

Abundant^idence indicates that treatment of hyperlipoproteinemia w» diminish or prevent atheroscler- 
otic complications. In addition to a diet that maintains a normal body weight and minimizes concentrations of 
^sTplasZ therapeutic strategies include elation of factors that exacerbate ^J™?*^** 
tSlnSration of therapeutic agents that lower plasma concentrations of lipoproteins, either by diminishing 
the production of lipoproteins or by enhancing the efficiency of their reinovel from plasma. 

Presently thereara no cholesterol lowering drugs which are known to operate at the level of gene expres- 

^"The most promising class « ^ currently avnihhle for thft tTMtrrynttTf act by i 

hibiting HMG-CoA reductase, the rate-limiting enzyme of endogenous cholesterol synthesis. Dn^ofth 
dasslomoetjtivelyinh^ 

esten* and, by normal homeostotic mechanisms, plasma cholesterol is taken up by LDL receptors to restore 
the intracellular cholesterol balance. 

Relative to other cells in the body, liver cells play a critical role in maintaining ser^ cholesterol homeo- 
stasis by both releasing precursors of LDL and through receptor mediated LDL uptake from the serum. In both 
Z 2 an mal models an inverse correlation appears to exist between liver LDL receptore and LDLas*x> 
ated serum cholesterol levels. In general, higher hepatocyte receptor numbers result ,n lower LDL assorted 
iTu^ Zes^ levels. Cholesterol released into hepatocytes can be stored as cholesteryl esters, converted 
ntebladds and released into the bite ducL or enter into an oxychoiestero. pool. It « this oxycholeste^P^ 
That is believed to be involved in end product repression of both the genes of t he LDL receptor and enzymes 
involved in the cholesterol synthetic pathway. , . . 

Transcription of the LDL receptor gene is known to be repressed when cells have an excess supply of chol- 
esterol, probably in the form of oxycholesterol. A DNA sequence in the LDL receptor P^neg^known 
asTne sterol response element, appears to confer this sterol end product repression This element has been 
e^ns^stS (Brown. Goldstein and Russell. U.S. Patent Nos. 4.745.060 and 4.93*363) and appears 
to^Tb of a 16 base pair sequence that occurs 5' of the LDL receptor coding region. The sterol response 
SeTnt can be inserted'into genes that normally do not respond to cholesterol, corrfernrj stero en p^uct 
repression on the chimeric gene. The exact mechanism of this repression is not understood. There is. however. 

evidencTthat poL intermediates in cholesterol biosynthesis and naturally occurring as we., as syn- 
thetic hydroxysterols repress genes containing the sterol response elemenL 

It b postdated that the number of LDL receptors synthesized by a cell is regulated by the amount o 
esterol inthe cell. It has been suggested that a hydroxycholesterol binding protein serves as a receptor. When 
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the receptor is bound to an oxysterol It acts on the sterol response element to control transcription through a 
mechanism that is simflar to the action of members of the steroid hormone receptor super gene family. Brown 
and Goldstein have disclosed methods for employing the sterol response element in a screen assay for drugs 
capable of stimulating cells to synthesize LDL receptors (U.S. Patent No. 4,935.363). The present invention 
describes methods and compounds that act to inhibit directly or indirectly the end product repression of the 
LDL receptor gene by interfering with the interaction of hydroxychdesteroJ receptors with its natural ligands. 
The interference can be either in the form of an antagonist or of a molecule that directly or indirectly lowers 
the concentration or availability of ligands involved in end product repression of the LDL receptor. This should 
result in induction of the LDL receptor on the surface of liver cells, facilitating LDL uptake, bile acid synthesis 
and secretion to remove cholesterol metabolites and the lowering of LDL associated serum cholesterol levels. 

It would be most desirable if the synthesis of LDL receptors could be upregulated at the chromosomal level. 
The upregulation of LDL receptor synthesis at the chromosomal level offers the promise of resetting the level 
of serum cholesterol at a lower, and clinically more desirable, level. 

Accordingly, it is one object of the present invention to provide compounds which directly or indirectly up- 
regulate LDL receptor synthesis at the chromosomal level and are useful in the treatment of hypercholester- 
olemia. 

A further object of the present invention is to provide therapeutic compositions for treating said condition. 

Stll further objects are to provide methods for upregulating LDL receptor synthesis, for lowering serum 
LDL cholesterol levels, and for inhibiting atherosclerosis. 

Other objects, features and advantages wil become apparent to those skiled in the art from the following 
description and daims. 

The present invention provides novel steroid derivatives which upregulate LDL receptor gene expression. 
More particularly, this invention relates to compounds having the formula (I) and pharmaceutical^ accept- 
able salts thereof; 




55 



wherein the groups R\ R 5 .X*. R« R* X*. R 4 , and R* are as hereinafter defined. 

This invention also provides pharmaceutical compositions which comprise a compound of Formula (I) in 
association with a pharmaceutical^ acceptable carrier. dBuent, or excipienL 

This invention is also a multi-mode pharmaceutical composition comprising a compound of formula (I) to- 
gether with other cholesterol control agents. 

This invention is also an improved ^ wt hud u fEontrolling cholesterol in a mammal by administering bo| 
the compounds of this invention and other cholesterol control agents. 

Afurther embodiment of the present invention is a method for upregulating LDL receptor gene expression 
in mammals. 

A further embodiment is a method for treating hypercholesterolemia in mammals. 
Afurther embodiment is a method of inhibiting atherosclerosis. 

These methods comprise administering to a mammal in need of LDL receptor upregulation, reduced serum 
LDL cholesterol levels, or atherosclerosis inhibition, an LDL receptor gene expression upregulating dose, a ser- 
um cholesterol lowering dose, or an atherosclerosis inhibiting dose, of a compound of Formula (I). 

The term "alkyl" by itself or as part of another substituent means, unless otherwise stated, a straight or 
branched chain hydrocarbon radical having the stated number of carbon atoms and includes straight or branch 
chain groups such as methyl, ethyl, rvpropyl, isopropyl, rvbutyl, t-butyl. isobutyt. sec-butyl, and where indi- 
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cated higher homdogs and isomers such as n-pentyl, n-hexyl. 2-rnethylpentyl, 1.5-dimethylhexyl, 1-methyl- 
4-Ssoorooyl hexyl and the like. A divalent radical derived from an alkane is exemplif ied by -CHjCHjCHjCHr. 
Adivalent radical derived from an alkene is exemplified by -CH=CH-CH r . The term "amino' means a group 
NH, The term, 'substituted amino' means an amino group where one or both amino hydrogens are indepen- 
dently replaced by a C,-C 4 alkyl. Cj-C 4 alkenyl. independently replaced by a C,-C 4 alkyi. CrC 4 alkenyl, hato. 
C C alkoxy -OH, -SH, or -8(0,-0* alkyl) group. The term 'halo' means chloro, bromo, fluoro or odo. The 
term 'mercapto' means a group -SH. The term 'acetamido' means a group CH,C(0)NH-. The term "alkenyl'. 
employed alone or in combination with other terms, means a straight chain or branched monounsaturated hy- 
drocarbon group having the stated number of carbon atoms, such vinyl, propenyt (ally!), crotyl. sopentenyl, 
and the various butenyl isomers, and where indicated, higher homologs and isomers. The term 'cydoalkenyl 
means an unsubstituted or substituted monovalent monounsaturated cyclic hydrocarbon radical having the 
stated number of carbon atoms, including, various isomers of cydopentenyl and cydohexenyl. The substituents 
can be one or two of the same or different substituents selected from halo, hydroxy, cyano, mercapto, -S(C,- 
C, alkyl) amino, substituted amino, acetamido. carboxy. trifluoromethyl. C,-C 4 alkoxy. (C,-C 4 alkoxy)carbonyl 
and aminocarbonyt. The term 'cycloalkadienyl' means a monovalent diunsaturated cyclic radical having the 
stated number of carbon atoms, including, the various isomers of cyctopentadienyl and cydohexadienyt. 

The dotted lines between the 4.5 and 5.6 positions represent the presence or absence of an additional 
bond- that is, an unsaturate Only one unsaturated can be present at any one time. The 5-posibon hydrogen 
atom'shown in Formula (I) as R« wil, of course, be absent when an ummturation ■ present 

The phenyl ring forming part of the benzyl group attached to the 4 position of the steroid rmg is substituted 
in a manner represented by the formula: 
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(X)m 



35 where X is a group selected from hydrogen, hydroxy. -SH. -3(0,-0* alkyl). hydroxyalkyl. halo. 

-COOH. ester, alkoxy. acetamido, aJkoxyalkyl. alkoxyaryl. and wherein m is 1 to 3. with at least one X para to 
the carbon atom attached to the steroid nucleus. 

Preferably the substitution is by a single X group (where m=1). .. . t 

The term Tieterocycle' means an unsubstituted or substituted stable 5- or 6-membered monocyclic het- 

40 erocydic ring which consists of carbon atoms and from one to three heteroatoms selected from the aroupcon- 
sisting of N O. S. and wherein the nitrogen and sulfur heteroatoms may optionally be oxxUzed. and the nitrogen 
heteroatom may optionally be ouaternfeed. The heterocydfc ring may be attached, unless otherwise stated. 
aTa^reSm Z carbon atomwhich affords a stable structure. The heterocyde is u^ubstttuted or sub- 
stituted with 1 or 2 substituents independently seleded from halo. -OH. -SH. -S(C,-C 4 ) alkyl). 0,-0* alkyl. C,- 

45 C alkoxy carboxy. (C,-C 4 alkoxy)carbonyl. aminocarbonyl. C,-C 4 alkytaminocarbonyl, amino. acetamKto, Or 
£ atySn^ -0 a^mTno^group -(CH^-R where q is 1 . 2. 3. or 4 and R is hydroxy. C,-C 4 aflcox* 
iSScU. alkoxycarbonyl. amino, aminocarbonyt. C,-C 4 alkylamino or di(C,-C 4 a^ky.)am.no. Examples of 
such heterocydesindude piperidinyl. piperazinyl. 2-oxopiperazinyl. 2-oxopipendmyl. 2-oxo-pyrrolod.nyl L 2-ox- 
oatdnyTazepiny., pyrrol*. 4-piperidonyl. pyrrolidinyl. pyrazolyl. pyrazolidinyl. imidazdyl. £ 

50 tooE py^yl.pyrazinyl.pyrimidin*^ 

T^^^^J'^^ • isothiazdidinyl. thiadiazolyl. furyt, tetrahydrofuryl. ^dropyra- 
nyl. thienyl. thiamorphdinyl. thiamorpholinylsulfoxide. thiamorpholinylsulfone. oxadiazolyl. and Inazolyl 

The definition of X* describes a divalent oxo atom or two hydrogen atoms, one hydrogen and one hydroxy 
oroup or one hydrogen and one mercapto group a hydrogen and a halo group and two halo groups. 

55 Most broadly defined the compounds of this invention are compounds having the formula (I) and phar- 
maceutically acceptable salts thereof, 



5 



EP0562849 A2 




wherein the groups R\ R« JP, R«. R». X\ R*. and R* are as hereinafter defined. 
Ri is a straight chain d-C 4 alkyl or d-C 4 halo alkyl; 
R2 is hydrogen, methyl, or halomethyi; 
R» is hydrogen. C,-C« alkyl. C-C, haloalkyl. <* a 

/ 



where. R« is hydrogen, halo. C,-C 4 alkyl. C,-C 4 haloalkyl. <VC 4 alkenyl. or <VC 4 haloalkenyl; 
R7 i S hydrogen, methyl, halomethyi. or halo; or 

R* and R 7 are combined with the carbon atoms to which they are attached to form a substituted or un- 
substjtuted Cs-C. cydoalkenyt, substituted or unsubstituted <VC cydoalkadienyl. substituted phenyl or un- 
substituted or substituted heterocyclic ring; 

R8 is hydrogen, methyl, halomethyi. or halo; ^ , , 

R« is hydrogen. -C^CH^fe. substituted benzyl.or -(CHJn-X* where n = 1 to 6, and X* rs .ndepen- 
dentiy hydrogTn^H. C-Calcyl.C-C. ha.oa.kyl. C-C.a.koxy. C^haloaikoxy, subsmutedorunsub^ 
phenyl, substituted or unsubstituted phenoxy. substituted or unsubsbtuted benzyloxy. -SH. -S(C,-C 4 alkyl). or 
monocyclic heterocyclic ring; 

R s is the group 

-ArZ-R'«-X» 



where 



A is a bond. -O-. -CHr. -CH(CH S >-. -CHtCHjCH,)-. -CH(hato>-. -C(halo)r . or 



CH 3 



OH 



and 



Z is a bond. -0-. -CH r , -CH(CH,)-. -CH(CH 2 CH 3 )-. -CH(halo)-. -C(halo)r. or 
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CHa 



T 



OH 

provided that only one of A and Z are -O-. -CH^CHah-CHthalo)-, -C<halo)r. or 




20 R 10 is 

(i) a divalent unsubstituted or substituted, branched or unbranched radical derived from a C,-C„ alkane, 

(i[) a divalent unsubstituted or substituted, branched or unbranched. unsaturated radical derived from a Cr 

° 1 whereThe substHuents of (i) and (iO are one or more of the same or different hydroxy, -CH 2 N(alky))2. 
acetamido. substituted amino, amino, mercapto. -Sr^-C, alkyl). halo, or two adjacent carbon atoms may each 
be bonded to the same oxygen atom to afford an epoxide: 

X? is hydrogen, unsubstituted or substituted phenyl, unsubstituted or substituted phenoxy or unsubsb- 
tuted or subsbbited benzytoxy. halo, haloalkyl. OH. -SH. -S(C,-C alkyl). -CF* -CN. <VC f*^.-OWh. 
CrC 4 alkoxy. ^CrSTalkyl. -C(0)(C r C. a.kenyl). -CHO. -COOH. -COO«VC 4 alkyl). -NR«R« 
-C(0)NR' 1 R« where R» and R" are independently hydrogen or C,-C 4 alkyl; 

R« is hydrogen, provided the steroid nucleus is saturated, or R« is absent when the nucleus rs unsa- 
turated at the 4.5 or 5.6 position; V^^>„«- 

is hydroxy, acyloxy. amino, acetamido. substiluted amino, mercapto. =0. or (C,-C 4 alkoxy)cart>ony- 

' 0Xy: 8 etch X* is independently oxygen; hydrogen, hydrogen; hydrogen, hydroxy; hydrogen, mercapto; halo. 

^The^ma^'dserfthe present invention, as will be appreciated by one skilled in the art. possess several 
potential chiral carbon atoms. As a consequence of these chiral centers, the compounds of the present inven- 
40 Son occur as racemates. racemic mixtures, individual diastereomers and substantially pure isomers. Allasynv 
metric forms, individual isomers, and combinations thereof, are within the scope of the present .nvenbon. A 
preferred dass of compounds have the partial steric conf iguration shown in formula (II) as follows: 
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wherein, the substituents R\ R* X*. R 13 , R 3 . and R 4 and R 2 are as previously defined, for formula (I) 
and X 1 Is selected from the group consisting of hydroxy, amino, acetamido, substituted amino, mercapto, ethy- 
lendk}xy,and(C r C 4 alkoxy)cart>onyloxy. — - 

The group R 3 b preferably a 2-propenyl, 2-butenyl, 2-methy1-2-propeny1 or 2-halo-2-propeny1 group, where 
halo is preferably fluorine, chlorine or bromine. 

Moreover, the group R* may have a variety of steric forms. Preferred forms of R* are those represented 
by the formulae XII, XIII. XIV, and XV set out below: 
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XIV 



XV 
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where s is the point of attachment of the group to the 17 position of the steroid ring of Formula II. 
A particularly preferred class of compounds of this invention having active substituents at the 4 position 
of the steroid nucleus are the compounds of formula II having the following combinations (1) or (2) of substrtu- 
ents: 

(1) R 4 is hydrogen; and 

R3 is C r C 6 alkyl. C r C, haloalkyl. a group 



8 



EP0 562 849 A2 




R« is hydrogen, halo, CrC 4 alkyl, C r C 4 haloalkyl, CrC 4 alkenyl, or CrC 4 haloaikenyl; 
R7 is hydrogen, methyl, halomethyl, or halo; or 

R 6 and R 7 ^ combined with the carbon atoms to which they are attached to form a substituted or 
unsubstituted C5-C, cydoalkenyl, substituted or unsubstituted Cs-Ce cydoaikadiertyl, substituted phenyl 
or unsubstituted or substituted heterocyclic ring; 

R» is hydrogen, methyl, halomethyl, or halo; 

or. 

(2) R 4 is hydrogen; and 

R* is a benzyl group represented by the formula: 



1 




where X is a group selected from hydrogen, hydroxy, hydroxyalkyt. halo. -COOH. ester, alkoxy. al- 
koxyalkyl. alkoxyaryl. and wherein m is 1 to 3. with at least one X para to the carbon atom attached to the 
steroid nucleus. 

A particularly preferred class of compounds of this invention having active substituents at the 2 posibon 
of the steroid nucleus are the compounds of formula II having the following combinations of substituents: 
(1) R* is hydrogen; and 

R 4 is CrCe alkyl, C r Ce haloalkyl, or a group 




where, R« is hydrogen, halo, C r C 4 alkyl. <VC 4 haloalkyl. CrC 4 alkenyl. or CVC 4 haloaikenyl; 

R7 is hydrogen, methyl, halomethyl, or halo; or 4 

R« and R^ are combined with the carbon atoms to which they are attached to form a substituted or 
unsubstituted C r Ce cydoalkenyl, substituted or unsubstituted CVC 6 cycloalkadienyl, substituted phenyl 
or unsubstituted or substituted heterocydic ring; 

R8 is hydrogen, methyl, halomethyl, or halo; 

or, 

(2) R 3 is hydrogen; and 

R 4 is a benzyl group represented by the formula: 
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where X is a group selected from hydrogen, hydroxy, hydroxyalkyl. halo, -COOH, ester, alkoxy. aL 
koxyaikyl. alkoxyaryl. and wherein m Is 1 to 3, with at least one X para to the carbon atom attached to the 
steroid nucleus. 

Most preferred because of ease of preparation are steroid compounds with a saturated nng represented 
is by formula III below: 



20 



30 



n 





R 2 






r 


















fc. R ,s 
H 



wherein; 

Ri is a straight chain C r C 4 alkyl or Ci-C 4 halo alkyl; 
R2 is hydrogen, methyl, or halomethyt; 
35 R* is hydrogen, C,-Ce alkyl, C r C e haloalkyl. or a group 



A 



where, R« is hydrogen, halo. C r C 4 alkyl, C r C 4 haloalkyl, CrC 4 alkenyl. or C r C 4 haloalkenyl; 
R7 is hydrogen, methyl, halomethyl, or halo; or 

R 6 and R 7 are combined with the carbon atoms to which they are attached to form a substituted or un- 
50 substituted <VC cydoaikenyl, substituted or unsubstituted Cs-C e cydoalkadienyl, substituted phenyl or un- 
substituted or substituted heterocyclic ring; 

R 8 is hydrogen, methyl, halomethyl, or halo; 
R 5 is the group 

s -A-Z-R"-X* 
55 where 

A is a bond. -O-, -CHj-. -CH(CH,K -CH(CH2CH S K -CH(hak>K -C(halo)r . or 
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and 

Z is a bond, -O-. -CHr. -CH(CHJ-, -CH(CH 2 CH S )-, -CH(halo)-. -C(halo)r. or 

CH3 



C— 

I 

OH 



provided that only one of A and Z are -O-. -CH(CHj)-, -CH^CHaK-CHthalo)-, -Cfhalo),.. or 

CHa 

OH 

(i) advent unsubstiurted or substituted, branched or unbranched radical derived from a Cl -C„ alkane. 

J3) a divalent unsubstituted or substituted, branched or unbranched. unsaturated radical derived from a CV 

C,2 wn^ re n the substituents of (0 and (ii) are one or more of the same or different hydroxy. -CH^alkyl)* 
zoeJ^suteZe* amino, amino, mercapto. -3(0,-0. alkyi). halo, or two adjacent carbon atoms may each 
hA tended to the same oxygen atom to afford an epoxide; 

TX^run^titoted or substituted phenyl, unsubstituted or subsisted phenoxy or unsu^ 

tuted cfsubsS benzyioxy. halo. haloaikyl. OK ; SH -8(0^ «a^cSc^^-^ 
Cl -C 4 alkoxy,-C<0)C^^^ R ' 

-C<0)NR»R« where R« and R« are independently hydrogen or C,-C 4 alkyl; fh . flH . Ar , c c fl . 
Xi is hydroxy, acytoxy. amino, acetamido. substituted amino, mercapto. =0. ethylend,oxy, or (C r C 4 al- 

koxy) carbonyloxy; 

III^^^T^T^^ifio compounds having utility in the preparation of pharmaceutical compositions and 
practicing the methods of this invention are the following: 
[4a(E).5aH-(2-bAJteny1)cholestan-3o -oJ, 
[4a5aH-{1-propenyl)cholestai>3a -ol . 
[4a(E).5aH-(2-butenyl)-25-hydroxychrtestan-3a-ol , 

[4a,5a]-4-butylcholestan-3a -ol . 
[4a(E).5a]-4-(2-butenyl)-3a aminocholestane , 
[4a(E).5aH-(2-butenyl)-3a acetamidocholestane , 
[4a(E).5a}-4-(2-butenyl)-3b acetamidocholestane 
4a-(4-fluorobenzyl)cholestan-3a-ol . 
4a-<4-bromobenzyl)cholestan-3a-ol. 
4a-(4-iodobenzyl)cholesten-3a-ol. 
4a-(4-trifluoromethylbenzyl)cholestan-3a-ol. 
4a-(4-dichlorobenzyl)cholestan-3a-ol. 
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4a-(4-cya no benzyl )cholestaiv3a-ol, 

4a-(4^ethoxy(art>onyibenzyt)cnolestan-3a-ol, 

4a^4-trifluoromethoxybenzyl)cholestan-3a-ol l 

4a-(4-cWorobenzy<)cholestan-3a-ol f 

4a-(4-benzytoxybenzy1)cho!e8tan-3a-ol t 

4 a .(4-hydroxymethyibenzyi)cholestar>-3a-ol f 

4a-(4-carboxy benzyl )cholestan-3a-ol t 

4a^44iydroxy benzyl )cholestan-3a-ol, 

4a-benzyl-4-cholestan-3a-ol, 

4a-altyt-5-cholestan-3a-ol. 

4a-allyi-cholan-24.N f N-dimethylaniino-3a-ol f 

3a, 12a-dihydroxy-25-azacoprostane, 

3a-hydroxy-25-azacoprostane, 

3a f 7a-dihydroxy-25-azacoprostane, 

3a,7a, 1 2a-trihydroxy-25-azacoprostane, 

3a, 7a. 12a-dihydroxy-25-azacoprostane, 

(3a,4a, 5a)- 1 7-(pentytoxy)-4-<2-propeny1) androstan-3-ol , 

(3a,4a, 5a)-17-{octyloxyH-(2-P«)peny!) androstan-3-oJ , 

(3a,4a>-17-I(4.methy«pentyf)oxyH-{2-propenyl) androstan-3-ol , 

(3o,4a)-17-<3-pheny1propoxy)-4-(2-propenyl) androstan-3-oJ . 

(3o,4a>-17-(phenylmethoxyH-(2-propenyl) androstan-3-ol , 

(3a,4a)-17-I(4,4-dimethy1pentyl)oxy}-4-(2-propeny!) androstan-3-ol , 

2-(hydroxymethyiene)-4a-<2-propenyl)cholestan -3-one, 

(2a,3a,5a)-2-(2-propenyl)cholestarv3-ol 

3p,4o,5a,20pKK2-propenyl)cholestan-3-ol 

(3o,4o,5o^Op>4-<3,3-drfluofx>.2-propenyl) cholestan-3-ol 

(3a,4a,5o^OPH-<2-propenyl)cholestan-3-afnlne 

(3a f 4a,5o^OP>-4-propylcho!estan-3-ol 

(3o,4a)-4-(2-methy«-2-propenyl)cholestan-3-ol 

(3a,4a)-4-(2-chlon>2-propeny1)cholestan-3-oi 

(3o,4a)-4K2-bronrK)-2-propenyl)cholestan-3-ol, 

(3a,4a^4RH^2.propenyl)-24-(ethyl)cholestan-3- ol, and 

(3a.4c02E,24R>^2.propenylh24.(ethyi)chdest-22-en-^ ^^^^ 
Other highly preferred compounds are (3o,4o,5a)^(2-chloro-2 propenyf) choJestan-3-ol and (3o,4a,5a>- 
4-(2-bromo-2-propenyl)cholestan.3-ol represented by Formula VI; (3a,4a,5a>^(2.pror^rry1)stigma5ten.3.ol 
represented by formula VII; and (3o.4a,5a,22E)-4-(2-propenyl)stigrnast-22-en-3^l represented by formula 
VIII as follows: 
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25 and 

[4a,5aH-(2-propeny«)cholestan-3a-ol represented by the formula: 
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is wherein: 

Ri is a straight chain C r C 4 alkyi or C r C 4 haJo alkyl; 
R2 is hydrogen, methyl, or halomethyl; 
R5 is the group 

-ArZ-R1«-X* 



20 where 



A is a bond, -O. -CrV, -CHtCHa)-. ^(CH^K -CH(hak>K -C(ha!o)r, or 



CH 3 



OH 



30 



and 



Z is a bond, -O-, -CrV. -CH(CH3)-. .CH(CH 2 CH 3 )-. -CH(halo)-. -Cthalo^, or 



CH3 



40 



~r ■ 

OH 

provided that only one of A and Z are -O-, -(*«*,)-. -CHtCHjCHsJ-.-C^halo)-. -CChalofe-. or 



CHa 



so 



r 

OH 



R*° is 

(i) a divalent unsubstituted or substituted, branched or unbranched radical derived from a C,-C„ alkane, 
55 J[) a divalent unsubstituted or substituted, branched or unbranched, unsaturated radical derived from a Cr 
C, 4 a e k re" e he substHuents of (i) and <ii) are one or more of the same or different hydroxy. -CH 2 N(alkyl) 2 . 
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substituted amino, amino, mercapto. -S<Ci-C e alkyi). halo, or two adjacent carbon atoms may each be bonded 
to the same oxygen atom to afford an epoxide; 

X* is hydrogen, unsubstituted or substituted phenyl, unsubstituted or substituted phenoxy or unsubsti- 
tuted or substituted benryloxy, halo, haloalkyl, OH. -SH. -S(C r C, alkyl). -CF* -CN, CrC alkenyl, -OC{F)* 
d-C 4 alkoxy. -C(0)C r C 4 alkyl, -C(0)(C r C 6 alkenyl) -CHO, -COOH, -COO(C r C 4 alkyl). -NR 11 R 12 . 
-C(0)NR 11 R 12 where R 11 and R 12 are independently hydrogen or Ci-C 4 alkyl; 

X* is hydrogen. -OH, C^Ce alkoxy, substituted or unsubstituted phenoxy, substituted or unsubstituted 
benzyioxy or -NRW where R 8 and R 9 are independently hydrogen or <VC 4 alkyl or combine with the nitrogen 
atom to which they are attached to form a substituted or unsubstituted nitrogen containing heterocyclic ring. 
For formula V: 



X 2 




wherein: 

Ri is a straight chain C,-C 4 alkyl or Ci-C 4 halo aJkyl; 
R 2 is hydrogen, methyl, or halomethyl; 
R 5 is the group 

-ArZ-R 1 «-X» 

where , v 

A is a bond, -O-. -CH*-, -C^CHa)-, -CHtCHjCH*)-, -CH(halo)-, -C^halo)*-. or 



CH3 

r 

OH 



and 

Z is a bond, -0-. -CH*-. -CH(CH,)-. -CHfCH^H,)-, -CH(halo)-. -C(halo)r. or 



CH 3 



r 

OH 



provided that only one of A and Z are -O-. -CH(CH,)-. -CHtCHjCH^.-CTKhalo)-. -Cf.halok-. or 
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r 

-c — 

I 

OH 



10 R 10 is 

(i) a divalent unsubstituted or substituted, branched or unbranched radical derived from a C r C 12 alkene, 

(H) a divalent unsubstituted or substituted, branched or unbranched. unsaturated radical derived from a (V 
C 12 alkene, 

15 where the substHuents of (0 and (ii) are one or more of the same or different hydroxy, -CH^alkyl)* 

acetamkto, substituted amino, amino, mercapto, -S(d-C* alkyl). halo, or two adjacent carbon atoms may each 
be bonded to the same oxygen atom to afford an epoxide; 

X 3 is hydrogen, unsubstituted or substituted phenyl, unsubstituted or substituted phenoxy or unsubstt- 
tuted or substituted benzyloxyhalo, haioaJkyl. OH, -SH, -S(C r C« alkyl), -CF„ -CN, Cr C* alkenyl, -OC(F)* C r 

20 C 4 alkoxy, -CtOJd-C* alkyl. -CiOXCrCe alkenyl) -CHO. -COOH, -COOfd^ alkyl), or monocyclic heterocyc- 
lic ring; 

X 1 is hydroxy, acyloxy, amino, acetamkJo. substituted amino, mercapto, =0. or (C r C 4 aikoxy)carbony- 

loxy, and . 

each X 2 is independently oxygen; hydrogen, hydrogen; hydrogen, hydroxy; hydrogen, mercapto; halo, 

25 hydrogen; or halo, halo. } ^ 

As mentioned above, the invention includes pharmaceutical^ acceptable salts of the compounds defined 
by the above formula. A particular compound of this invention can react with arty of a number of nontoxic in- 
organic bases, and nontoxic inorganic and organic acids, to form a pharmaceutical acceptable salt Acids 
commonly employed to form acid addition salts are inorganic acids such as hydrochloric acid, hydrobrormc acid, 

30 hydroiodic acid, sulfuric acid, phosphoric acid, and the like, and organic acids such as p-toluene-sulfonic me- 
thanesulfonic acid, oxalic acid, p-bromo-phenylsulfonic acid, carbonic acid, succinic acid, citric acid, benzoic 
acid, acetic acid, and the like. Examples of such pharmaceutical^ acceptable salts thus are the sulfate pyro- 
sulfate, bisulfate, sulfite, bisulfite, phosphate, monohydrogenphosphate, dihydrogenphosphate, metaphos- 
phate, pyrophosphate, chloride, bromide, iodide, acetate, propionate, decanoate, caprylate, acrylate, formate, 

35 isobutyrate, caproate, heptanoate. proptolate, oxalate, malonate. succinate, suberate, sebacate, fumarate, 
maleate, butyne-1,4-dioate, hexyne-1,6-dioate,benzoate. chlorobenzoate, methyl benzoate, dinitrobenzoate, 
hydroxybenzoate, methoxybenzoate, phthalate, sulfonate, xylenesulfonate, pherrylacetate, phenyl propionate, 
phenylbutyrate, citrate, lactate, gamma-hydroxybutyrate. glycollate, tartrate, methanesulfonate. propanesul- 
fbnate, naphthalene-1-sulfonate, naphtha»ene-2-sulfonate, mandelate and the like. Preferred pharmaceuticak 

40 ry acceptable acid addition salts are those formed with mineral acids such as hydrochloric add and hydrobromic 
acid and those formed with organic acids such as maleic acid and methanesulfonic acid. 

Base addition salts include those derived from inorganic bases, such as ammonium or alkali or alkaline 
earth metal hydroxides, carbonates, btearbonates, and the like. Such bases useful in preparing the salts of 
this invention thus include sodium hydroxide, potassium hydroxide, ammonium hydroxide, potassium carbon- 

45 ate, sodium carbonate, sodium bicarbonate, potassium bicarbonate, calcium hydroxide, calcium carbonate, 
and the like. The potassium and sodium salt forms are particularly preferred. 

The compounds of the present invention, or their precursors, are prepared using procedures known to 
those of ordinary skill in the art 

The compounds of the present invention, which may themselves be used as intermediates for preparing further 
so compounds of the present invention, are prepared generally in accordance with the reactions shown in 
Schemes 1-8. 



55 
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D. 
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SCHEME6: 




protection 
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SCHEME 6: 
Part 2. 
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oxidation 

(bromoform reaction) 



reduction 



selective oxidation 



protection 
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SCHEME 7: 
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SCHEME 7: 
Part 3, 




dcprotcction 
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SCHEME 8: 




reductive alkylation 



formylation 



Michael addition 
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In schemes 1-8. R\ R*. R». R«. R«. R 12 < Z. R 10 . X 1 . X' end X* es defined above for Formula I. unless other- 

WtS8 * n0t ! d ' in Q^,^,, 1 steD A. a suitable 4-cholester>-3-one is reductively alkylated with a suitable alkyl 
* *Z ^Tl iZ^i iSTSS- presence of a strong base and a proton source in an inert or 
^nSneft eotvert ZZe of solvents to afford the corresponding ^substtuted^des^^one. 
ZTe^Tng^Ta, alkali metal. preferably lithium or .odium, h 
^tL dSTL^so present and preferably is ethanol, t-butand and preferably t-butanol. Generally, temper- 
proton do ™ B ^ L about -50°C are employed in carrying out this reaction. In step B of Scheme 1. 

sup E of Sol>omo 1 »^™»»™" ^,^ unas w * l^MW. oho «ilhln tho .cope of 
within the ocopo ol fomoilo Itoarnvoat ~ ,,h ^™™^"™ p~f«blv this nachon » oriW out in 

====== 

k d»«.ln«onnamid,o,*»n.. ^ZmwSxKS and to. hy. 
^ Tk. ok*.*" -eoo*. k «^^ a .^S^I^T^C ™ «nk+«.e ..mpoono mo, 

3S£S£S33as3E33S 

are incorporated herein by reference The ^^f^^^^ inert solvent 

amine salt in the presence of an acid scavengerand a hahde source* an *ert o y 

or mixture of solvents to afford the correpond.ng ^^^"'^^^^halide is chloro and butyl 

stantially the same conditions as described above for this reacbon. 
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Similarly, the reduction of the 3-one group to the corresponding 3a-hydroxy compound is carried out with 
a hydride reducing agent using substantially the same procedures and conditions described above for tho re- 

aCtW The carboxamide can be reduced as shown in step D of Scheme 3 to afford the corresponding amino com- 
pound by way of a hydride reduction using substantially the same procedures and conditions described above 
foVsirnilar reactions. The preferred reducing agent for this reaction is lithium aluminum hydnde in an men or 

sc^me^ discloses an alternative way of arriving at compounds of the present inventon i^"*** 
7-DOsWon and/or a 12-positton substftuent although it will be appreciated this scheme is not United to those 
compounds. In step A of Scheme 4 a 3a-hydroxy compound having a te™*<^f"^*™**™** 
w^hehaloformic ester in the presenceof an acid scavenger in an inert orsubstentiallyinertsolvemormocture 
events to afford the corresponding dicarbonate which is further reacted with a prinwy or secondary ammo 
Suttotf isotobon, to afford the corresponding 3-posWon carbonate having a terminal carboxam.de group 
as mT*greup at the * position. The preferred haloformic ester is isobutylcWorofbrmate. Gene^ly. tertary 
a^nesare3 as acid scavengers and the most preferred acid scavenger b r^th^nxxph^^e^tebte 
Events for this reaction are chtoronated hydrocarbons and 

hires employed in the dicarbonate formation reaction are generally from about -20°C to about 30 C. 

%Z E ^Scheme 4 snows the 3-posibon carbonate group being reduced by a hydnde £*-»«B 
the conditions and procedures previously described for this reaction. It should be appnariB d that - _ d««d. 
the carbonate grouped also be hydrolyzed. The preferred reducing agent for this step B react™ » lithium 

^emalTprimarily directed toward those compounds of the present invention where A is an oxygen 
atom although it wil be appreciated many other compounds within the scope of the present irwenbon can be 
aSeWhto scheme.^ first reaction comprises a cyclic Retaliation exemplified is trHMeacbon 
tosterene with ethylene glycol in the presence of an acid catalyst, preferably an organic acid, in an inert or 
22*M ^Tor mixture of solvents to afford the corresponding 3.3-eth^ened»xy c^r-^ 
afong with the corresponding 3.3-ethylenedioxy-^ene isomer. The preferred organ*: aod catalyst « p-tolue- 
Sr„te acid monohydrate^ The reaction is generally carried out at about the reflux temperatore of the sol- 
ved StebTsofvenb/are those that allow azetropic removal of water such as inert aromabc solvents and 

^ThTne^tpl'to alkylate the 3.3-etl*enedioxy isomers with the desired aficy. halide or alkenyt (e.g.. 2- 
J5SK the presence of a strong base in an inert or substantially inert solvent or mixture of solvent 
^ ^responoing 17-aikoxy or alkenytoxy compound. Suitetxe s£ng basis »- 
drides and preferred is potassium hydride. Preferred solvents for this reaction are a mixture of THF and d«ne- 
tSaSSZ (DMSO) or din^thytforrnamide (DMF). Suitable temperatures for this reaction are generally from 

^^epTus^ted is to regenerate the 4^n-3-one group. The 4-en-3-one group is formed by acid- 

Tacids a^erebVSglic acWs with acetic acid being most preferred. Generally water is also included 
SongttMneWSiS solvents for this reaction are ethera. with THF being preferred. Suitable temper- 
atures for this reaction are generally from about 50°C to about 100°C. 

^uSer corn^nds of the present invention can be afforded by reductiveiy alkylating the 4-en-3-one com- 
I JZ^Z££Lm described above for this reaction. am further compounds of the present .nvenbon 
« be 7to*d blueing the alkylated intermediate by way of a hydride reduction, also in accordance wrth 
t^p^^X^escribed. Preferably, this hydride reduction is accomplished using K-selectnde * 

thouah sodium borohydride is also a useful reducing agent 

Sterne 6 aiustrates an alternative synthesis primarily for those compounds of the present m™*"*™* 
A is an oxygen atom. The first step of this scheme shows reacting testosterone, or other surtaWe starting , nj> 
terialwitn>buty1dimethyisilylchlorideusir^starKia^ 

STrS neJItep in thb srJeme shows e reductive alkylation in accordance with the Procedures ^v^usfy 
Scrib^ for this reaction followed by a hydride reduction, again, using procedures previous* r described for 
££££ The next step is proteJng the 3-hydroxy group with a ^^^^tecfiTof Zl 
standard THP forming conditions known to those skilled in the art This is followed by depretecbon of the t- 
SlthlS (TBS) group using standard desilylation conditions again known to those sMIed in .the art 

CnexS 
enJofasb^ngbasein 

^esib^ above. Thefinalsynthetic step shown in thisscheme is deprotecbon of the 3-pos.bonusmg stan- 
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dard THP deaving conditions wel known to those skilled in the art 

The reactions shown in Scheme 7 are primarily directed toward those compounds of the present invention 
where Z is an oxygen atom. The first step in this reaction shown oxidation of an methyl ketone to its corre- 
sponding carboxcylic acid using the bromoform reaction. Generally this reaction comprises reacting the methyl 
ketone compound in mixture of bromine, water and a suitable base, preferably sodium hydride, at a temperature 
of from about -20°C to about 20°C. It is preferred that a co-solvent such as dkwane be added to ■nprove sc4- 
ubflity The next step in this scheme is a hydride reduction using the procedures previously described for this 
reaction. Preferably a strong hydride reducing agent is employed for this reduction such as Red-A^. Th« re- 
action affords the corresponding 3-hydroxy 17-hydroxymethvl intermediate. This intermediate s the" selec- 
tively oxidized using manganese dioxide in an inert or substantially inert solvent or mixture of solvents to afford 
the corresponding 3-one intermediate. Preferred solvents for this reaction are chlorinated hydrocarbons and 
chloroform is most preferred. The 20-ol intermediate is then silylated, preferably with TBS using standard con- 
S» toown to those skilled in the art for this reaction. The next step is a reductive^ alkytaoon ag»n using 
the procedures and conditions previously described for this reaction followed by a hydnde reducbonalso using 
the orocedures previously described forthrs reaction. The next step is then a protection of the 3-hydroxy group 

thatis deproteceon. using standard conditions known to those skilled in the art for thbreartjon. Thehydroxy 

group isthTn abated using thealkylation ^^^^^^^T^ni^Sl 
oraJkenyl(e.g..2-propenyl)halidealkytetir^raagentto 

inert solvent or mixture of solvents. The THP group is then cleaved usng standard condrtjons for this reaction 
known to those skilled in the art . . 

Scheme 8 is primarily directed toward those compounds of the present inventoon having a 2-posibon sub- 
stituent Generally, a suitable compound is reductively alkylated to afford a substituentin the 4-pwrbon .torn 
reductive alkylate is carried out using the conditions and procedures previously descnbed for ths reaction. 
The next step shown in Scheme 8 is formation. Generally the compound is reacted with a hydnde and ethyl- 
formate in an inert or substantia^ inert solvent or mixture of solvents, preferably toluene, to afford the 2-pos- 
ition hydroxy methylene group. Suitable solvents for this reaction are generally aromatk: hj^c^rs and pre- 
Sredb totoene. The 2-hydroxy methylene compound may then be further reacted such as by the niustrated 
Michael addition reaction to afford stfll further compounds within the scope of the present T en *°"- ™» Mh 
chael addition is carried out using standard conditions for this reaction known to those skilted in the art 

It will be appreciated that by the reactions illustrated in Schemes 1-8. and combinations of those reactions, 
one sklled in the art can prepare the compounds of Formula I. e „ amnia « 

An additional synthesis scheme 9 is shown below for the preparation of the compound of Example 85 
(3o,4o,5a^0p)^3>drn l Jorc>2-propenyl)cholestar l -3-ol using the compounds prepared in 5 ' 
3t^5^2twnyi)cnolestan-3^ne Example 83 ^^^^^^^^ 
^Scnotestene-4-acetaldehyde. Example 82 (3o,4o,5a)-3-tt(1.1-d.methy1ethy1)d B nethybiy»]oxylcholes. 
teneiacetaldehyde. and Example 84 <3a,4a,5a,20p W3,3^ifluoro-2-propenyl)cholestan-3^l. 
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As noted above, the optically active diastereomefs of the compounds of Formula I) are considered part 
^thisi^r^ 

by Z ™Sbs described above, or by resolving the racemic mixtures. The resolution can be earned in the 
PreTncToTa resolving agent, by chromatography or by repeated crystallization or by some combmat^n of 
Sate techniques which arfknown to those skilled In the art Further details regard^ resolutions can be found 
in Jacques, et aL. Enantiomers, Racemates, and Resolutions. John Wiey & Sons 1981. 

The compounds employed as initial starting material in the synthesis of the compounds of tins .nvenbon 
are wet SoTand. to the extent not commercially avaiable. are readily synthesized by standard procedures 
commonly employed by those of ordinary skil in the art 

™e pharmaceutically acceptable salts of the invention are typicaily formed by reacting > <* 
Formula? with an equimolar and excess amount of acid or base. The reactants are general y combmed m a 
^Uo^nt. such asdiethylether or benzene, for acid 

Stean^the salts normally precipitate out of solution within about 1 hour to about 10 days and cancellated 
by filtration or other conventional methods. 
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In addition, some of the compounds of Formula I may form solvates with water or with common organic 
solvents. Such solvates are included within the scope of the compounds of the present invention. 

Pharmaceutical Compositions Using a Combination of Hypochde steremlc and/or Hvpolipemic Agents 

The compounds of this invention, as represented by Formula I, may advantageously be used in combin- 
ation with other hypochoiestsremic and/or hypolipemlc agents. Typical of agents useful in pharmaceutical com- 
positions in combination with those of Formula (I) are the following: 

(a) Bile Add Sequestrants - these agents bind bile acids in the intestinal tract and enhance their excretion. 
Typical bile sequestrants are quaternary amines such as cholestyramine and colestipol. 

(b) Nicotinic Acid and Its Derivatives - these B-vitamin inhibit the production of lipoproteins by the liver. 

(c) HMG-CoA Reductase Inhibitors - these serum cholesterol lowering drugs inhibit the rate-limiting en- 
zyme in cholesterol synthesis. Typical of drugs in this group are mevastatin. pravastatin, and simvastatin. 

(d) Gemf ibrozfl and Other Fibre Acids - these agents are lipkWowering drugs. Typical of drugs m this group 
aregenTfibrc*l.dofibrate.fen^ . 

(e) Probuco) - this agent is used for cholesterol lowering and appears to prevent the oxidation of LDL. The 
mechanism of action is uncertain. , 

(f) Raloxifene and its Derivatives - raloxifene (CAS Registry No. 84449-90-1. 6-hydroxy-2-(4-hydroxyphe- 
nyl>-3-[4-<2-piperidinoethoxy)benzoy0benzothlophene). and its esters and ethers are described m U.S. 
Patent No. 4.41 8,068. the disclosure of which is incorporated herein by reference. 

(g) mixtures of (a), (b). (c). (d). (e). and (f). These agents have the ability to lower serum cholesterol levels 
in combination with attendant beneficial effects such as reduced bone loss in post-menopausal women. 
Without being bound by any theory of operation, it is believed that the lipid and cholesterol lowering effects 

of the compounds of Formula (I) of this invention are achieved by interruption of the interaction of oxysterol 
with regulatory protein, which, in turn, suppresses the activity of the gene encoding the LDL receptor by af- 
fecting the promoter region of the gene. The prior art cholesterol and lipid control agents are believed to pro- 
mote their beneficial effects by other mechanisms. 

For example, a pharmaceutical composition may be formed from the compound of Example 5 «i combin- 
ation with mevastatin and/or raloxifene together with suitable excipiente and earners. 

The multi-mode pharmaceutical compositions containing a compound of Formulae I. II. III. IV or V with 
cholesterol control agents (a), (b). (c). (d). (e) or (f) are formulated in a manner to avoid harmful or antagonistic 
combinations of ingredients known in the art 

Alternatively, a combination of ingredients may be used in a method of prevenbng cholesterol induced 
atherosclerosis by administering to a mammal simultaneously, or in any order (1) the compound of the inven- 
tion, and (2) one or more agents (a), (b), (c). (d). (e). (f). or any combination thereof as previous* desenbed. 
The practive of this therapeutic method only requires that ingredients (1) and (2) be administered to a mammal 
in a time period where they jointly produce a therapeutic effect _ , . 

The following examples further ilustrate the compounds of the present Invention and methods for their 
synthesis. The Examples are not intended to be limiting to the scope of the invention in any respect and should 

^nte^SSwfee noted, NMR data appearing in the examples refers to the free base of the subject com- 
pound. 



Example 1 

Preparation of [4a(E),5aJ-4-(2-butenyl)cholestan-3^ne 
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i »hium wire f1 2 a 0 171 mol) was placed in a flame dried flask fitted with a mechanical stirrer and dry 
ice inde^nif nCn ZS, k^opropano, bath was used to cc^flask wh* ^ 
^onia (disced from U) was added. The mixture was siowly stirred l ° ^^^ e ^^ d ^ 
<»4ded with raoid stirring 50 mL of dry THF to form a bronze preaprtate. To t he lit hium bronze in ™i- was aaoea 
d^e at aCk^tea solution o7( + M-cholestene-3-one (30 g, 0.078 md, Aldrlch 1 8.81 7-4) in 200 mL dry 
W aSJt^no? ™ImU 0.078 moling in formation of a yellow precipitate. Uponcompebon of he 
Idd^the^linq bath was removed for 5 minutes. Isoprene (5.3 g, 0.078 md) was added, and the resulting 
^£SXS1SL 5 minutes. Crotyl bromide (52.6 g. 0.390 mole. Aldrlch C8.640-5) was rapid* 
Zed The reaction mixture was stirred an additional 1 0 minutes under the dry ice/isopropanol reflux condens- 
^e^xTe^ oUled before cautiously adding so.id ammonium chloride a. a rate that did r.^e^he 
fxo herrnic decomposition to foam out the dry ice condenser. The cooling bath was removed, the reacbon mta- 
J re s"red f233mate.y 30 minutes and water (250 mL ) was added. Separation of th. «gnc ^ was 
foTowedbv backextraction of the water layer with ethyl acetate. The combined organic extracts were dned 
SmQJ 7nd concentrated to afford an oil which was further purified by prep HPLC using a grad-ent of 0-8% 
i^aceteS^^^ 

SS^SS and evaporated to give a white solid which was recrystetlize ^ 
to flKSs g (55%) of the title compound: 1H NMR (CDCIs, 300 MHz) d 5.55 - 5.30 (m. 2H). 2.50 - 1.95 (m. 
5H). 1.64 (m, 3H). 1.05 (s. 3H). 0.87 (m. 9H). 0.68 (s. 3H). _ , , , _ 

By following the procedures described above in Example 1. the compounds of Examples 2 and 3 were 

prepared. 



Example 2 

Preparation of [4a,5aH-(1-propenyl)cholestan-^one 



41 



EP0 562 S49A2 




Example 3 

Preparation of [4a(E),5al^(2.butenyl)-25-hydroxycholestan-3-one 
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drich C8.640-5) provided 167.2 mg (27%) of the title compound as a white solid: MS/FD m/e 457; 1H NMR 
(CDCI,, 300 MHz) 

Example 4 

Preparation of [4o(E).5aH-{2-butenyl)cholestan-3a-ol: 



15 



25 



30 



35 




H3C 



A solution of 7.6 g (17 mmol) of the compound of Example 1 in 75 mL of dry THF was added dropw.se to 
34 mL (2 equivalents) of K-Selectiide (1 M) In THF at -78°. The reaction was strirred for 2.5 hr then warmed to 
V followed by addition of 3.11 mL of water. 11.75 mL2Bethanol and 9.31 mL of 5N sodium hydroxide. Then 
11*75 mLof 30% hydrogen peroxide was added dropwise keeping the temperature below 20°. After coming to 
room temperature, the solution was evaporated under reduced pressure to remove the THF. The aqueous layer 
was extracted with ether, and the organic extracts were dried (MgS0 4 ) and concentrated to afford 7.43 g (97%) 
of a yellow foam which was further purified by prep HPLC using a gradient of 0-8% ethylacetate in hexane 
over 30 minutes and collecting 375 mL fractions every 1 .5 minutes. Fractions containing the product were , com- 
bined and evaporated to give a white solid which was recrystallized from ethanouwater to give 6.77 g (90%) 
of the title compound: mp 108-109*: MS/FD m/e 442; 1 H NMR (COO* 300 MHz) 

By substantially following the procedures of Example 4. the compounds of Examples 5. 6. and 7 were pre- 
pared. 
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Examples 

Preparation of [4a,5oH-(2-propenyl)cholestan-3o-ol: 



so 
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The compound of Example 2 [4a.5aH-0-P«>Penyl)cholestan-3-one (27.33 g, .064 mof] provided 34.5 g 
(90%) of the title compound as a white crystalline solid: MS/FD m/e 428; 1 H NMR (CDCI S . 300 MHz) 
1HNMR(CDO s .300MHz) 

Example 6 

Preparation of [4a(E),5aH-(2-butenyl)-25-hvdroxycholestan-3o-ol 




The compound of Example 3 [4a(E),5aH-(2-butenyl>-25-hydroxycholestan-3-one [140 mg. 307 mr><*\ 
provided, afterflash chromatography (EtOAc), 2&1 mg (21%) of the title compound as a white sohd: MS/FD+ 
m/e 428; 1H NMR (CDd 3> 300 MHz) 

44 
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Example 7 

Preparation of [4a,5a]-4-buty1cholestarv3a-oi 




30 



A mixture of 533 mg (1.2 mmoi) of the compound of Example 4 and 53 mg of 5% Pd/C in 50 mL of ethyl 
acetate was subjected to 60 psi of hydrogen at room temperature for 8 hours. Filtration of the reaction mixture 
over Fuller's earth followed by evaporation gave 436 mg (82%) of the title compound as a white solid whose 
purity was indicated by one spot on TLC (10% EtOAcrhexane): MS/FD m/e 444; 1H NMR (CDCl* 300 MHz) 



Example 8 

35 

Preparation of [4a(E), 5aH-(2-butBnyl)-3a-aminocholestone 
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I H 




Toa mixture of 5.0g (11.3 mmoQ the compound of Example 1.8.7g (113 mmol. 10 equ^amn^n.um est- 
ate i° oVSt mmol. 5 6 equiv) sodium cyanoborohydride and 70 mLof dry THF in aflame dned flask under 
n^enwasadded 70 mLof methanol. The solution was stirred at mom temperature ovem^ht. foMowed by 
Son o^% sodium hydroxide. The aqueous soiution was exacted with ether, the ^nteex^oom- 
bined. dried (MgS04) and concentrated to afford 4.95 g (99%) of the title compound as a glassy sem. sohd. 

Examples 9 and 10 

Preparation of [4a(E)5oH-(2-butenyl)-3a and 3p-acetamidocholestones 
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A mixture of 4.0 g (9.05 mmol) of the compound of Example 8, 2.3 g (2.5 equiv) of acetic anhydride and 
3.6 mL (5.0 equiv) of pyridine in 50 mL of toluene was heated at reflux for 1 hour. After cooling tort the mixture 
was concentrated to afford a white solid which was further purified by HPLC using a gradient of 15-50% 
EtOAc:hexane over 20 minutes. Fractions containing products were combined and evaporated to give the in- 
5 dividual 3-acetamtdocholestane isomers as white solids. Example 9: 1.08 g (24.6% of the 3a isomer MS/FD 
m/e 483; 1H NMR (CDCI* 300 MHz) Example 10: 1.31 g (30%) of the 30 isomer. MS/FD m/e 483; 1H NMR 
(CDCI3, 300 MHz) 

Example 11 

10 

Preparation of 4a-(4-cyanobenzyl)cholestan-3-one. 

A flame-dried, three necked flask equipped with an ammonia inlet, a dry ice condenser and a septum was 
charged with a glass stir bar and lithium chips (79.4 mg, 11.4 mmol) under an argon atmosphere. 30 ml dry 
ammonia was collected in the flask which was in a dry ice/acetone bath. The resulting deep blue solution was 

15 stirred for 10 min. before it was d fluted with 10 ml dry tetrahydrofuran. 

A solution of 4-cholesten-3-one (ZOOg, 5.20 mmol) and tort-butyl alcohol (340 uJ, 3.64 mmol) in 1 5 ml dry 
tetrahydrofuran was added dropwise to the deep Hue solution with vigorous stirring over a 3 min period at -78°C. 
The light blue solution was stirred at -78°C for 45 min. A solution of a-bromo-e-tolunitrile (3.05g, 15.6 mmol). 
in 20 ml dry tetrahydrofuran was added to the blue solution in a fast fashion via a cannula. The dry ice/ acetone 

20 bath was removed and the resulting greenish suspension was allowed to warm slowly with evaporation of am- 
monia for 3 hr. A 10 ml aqueous ammonium chloride (588 mg, 11.0 mmol) solution was added to the reaction 
mixture, followed by 30 rri diethyl et her/met hytene chloride (2:1); and the organic layer was separated. The 
aqeous layer was extracted with diethyl et her/met hylene chloride (2:1 ) (50 ml x 2). The combined organic layers 
were washed with 20 ml brine, dried over anhydrous magnesium sulfate, filter and concentrated to obtain a 

25 white solid residue, which was subject to flash column chromatography on silica gel (ethyl acetate/ toluene 0 
_>4%as eiuent) to obtain 1.28g (2.55 mmol 49%) 4a^4-cyanobenzyl)cholestan-3-one. Recrystailization in tol- 
uene gave white needle crystal. 
IR(CHa* cm- 1 ): 2230, 1706 

300MHz *H NMRfCDCIa, ppm) 6 0.68(s.3H, CH 3 ). 0.87 (d,J=6.6Hz.6H, -CH(CH S )2), 0.91(d,J=6.5Hz.3H, 
30 -CH(CH3», 1.09(s,3H, -CH 3 ), 0.70-1.65(m.22H), 1.70-1.95(m f 3H). 1.95-2.10(m. 2H). 2.26-2.35(m,1H), 
2.44<td, J=14.0 Hz, 6.2Hz, 1H), £54-2.64 (m, 1H). 2.87 (dd. J=14.2Hz; 3.1Hz, 1H), 3.02(dd,J=14.2 Hz; 7.8Hz, 
1H).7.31(d,J=8.2Hz, 2H) 

Mass(FD):501(M + ); 



Elementary Anal.: Calcd for C^^ON: 


Found: 


C, 83.78; 
C, 84.07; 


H, 10.24. 
H, 10.42, 


N, 2.79; 
N2.86 



40 By substantially following the procedures described above for Example 11 , the compounds of Example 12 
through 21 were prepared 

Example 12 

45 Preparation of 4a-benzytcholestan-3-one 

16.9% yield; mp 163.0-168°C (CHjClz/CHaCN); 
IRfOHCy 1704 cnr 1 ; 

NMR 300MHz (CDCIj) 8 0.65(s,3H, methyl), 0.85(d,J=6.6Hz,6H), 0.88(d.J=6.6Hz,3K). 0.70-1. 60(m,22H), 
1.04(s,3H,methyl), 1.65-1.90(m,3H), 1.90-2.06(m,2H), 2.25-2.36(m,1H), 2.42(td, J=1 .39, 6.3Hz, 1H), 2.50- 
50 2.59(m,1H). 2.80(dd.J=14.3,3.2Hz, 1H), 3.01(dd,J=14.2, 7.2Hz,1H). 7.10-7.28(m.5H. aromatic); 
MS-FD M/e 476(M*); 

Anal. Calcd for C34H52O: 

55 

C, 85.65; H, 10.99 



47 



EP0 562 849 A2 

Found: C, 85.94; H, 11.37. 



Example 13 

Preparation of 4a-(4~fluorobenzyl)cholestan-3-one 
19.7% yield; mp 175.0-177.0°C (CHjCIj/CHjCN); 
IR(CHCy 1704 crrr 1 ; 

NMR 300MHz (CDCI3) 5 0.65(s.3H. methyl), 0.85(d,J=6.5Hz,6H). 0.88(d,J=6.5Hz.3H.), 0.65-1.60<m,22H). 
1.04(s,3H,methyl). 1.7f>1.84(m,3H), 1.94-2.02(m,2H), 2.26 (brd. J=1 1.8 Hz, 1H), 2.38 (dd, J=13.8 f 6.4Hz, 1H), 
2.44-Z55 (m.1H), 2.8 (br dd, J-14.3, 3.0 Hz, 1H) f 2.92(dd. J=1.42. 7.4 Hz, 1H), 6.89 (t,J=8.7 Hz, 2H aromatic). 
7.10-7.14 (m,2H aromatic); 
MS-FDM/e494(M*); 



Anal. Calcd for CmHsiFO: 


Found: 


C. 82.54; 
C. 82.63; 


H, 10.39 
H, 10.46. 



Example 14 

Preparation of 4a-(4-bromobenzyl)cholestan-3-one 
24% yield; mp 1 63.0-1 65.8-C (CHzCla/CHsCN); 
IR(CHCIa)br1705cnr'; 

NMR 300MHz (CDCI*) 5 0.68(s.3H. methyl). 0.87(d.J=6.6Hz.6H). 0.91(d,J=6.5Hz,3H.), 0.70-1. 60(m.22H). 
1.07(s.3H.methyl). 1. 72-1 .92(m,3H), 1.97-2.08(1^2^, 2.29 (brd, J=9.1 Hz, 1H). 2.41 (dd, J=15.2, 7.1 Hz, 1H), 
2.52-2.56 (m,1H), 2.79 (dd, J-14.2, 3.1 Hz, 1H). 2.93(dd, J=1.42, 7.4 Hz, 1H), 7.07 (d,J=8.2 Hz, 2H aromatic), 
7.35(d,J=8.3Hz,2H aromatic); 
MS-FDM/e556(M*); 



Anal. Calcd for C^H^BrO: 


Found: 


C. 73.49; 
C. 73.72; 


H, 9.25 
H. 9.28 



Example 15 

Preparation of 4a-(4-iodobertzyl)cholestan-3-one 
17.3% yield; mp 161.5-163.0°C (CHjOa/CHaCN); 
IR(CHaa) 1705 crrr'; 

NMR 300MHz (CDCI3) 6 0.68(s,3H, methyl), 0.87(dJ=6.6Hz,6H). 0.90(d,J=8.8Hz,3H.), 1.07(s.3H,methyl), 
0.70-1.60^,22^, 1.71-1.86(m,3H), 1.97-2.05 (m,2H), 2.29 (brd, J=11 .8 Hz. 1H), 2.43 (td. J=13.9, 6.4 Hz, 1H), 
2.49-2.58 (m.1H). 2.78 (dd, >14.2, 2.8 Hz, 1H), 2.92(dd, J=14.2. 7.3 Hz, 1H). 6.95(d. J=8.2 Hz, 2H aromatic), 
7.55(d,J=8J2Hz,2H aromatic); 
MS-FD M/e 602(M*); 



Anal. Calcd for C34H 51 IO: 


Found: 


C, 67.76; 
C. 67.98; 


H.8.53 
H. 8.59 



Example 16 

Preparation of 4a-(4-trifluoromethylbenzyl)cholestan-3-one 
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22% yield; mp 165.0-1 6&.VC (CHjCycmCN); 
IRtCHOj) 1705 cm-'; 

NMR (CDCIj) 5 0.68(s.3H, methyl), 0.87(d,J=6.6Hz.6H). 0.91(d,J=6.5Hz.3H.). 1.09 (8.3H, methyl) 0.70- 
1.60(m.22H). 1.73(m.22H). 1.73-1.87(m,3H). 1.96-2.07(m,2H), 2.31 (brd. J»12.0 Hz. 1H). 2.44 (td. J=14.0. 6.4 
Hz. 1 H). 2.56-2.63 (m,1H). 2.86 (bf dd. J-14.2. 3.0 Hz. 1H). 3.05(dd. J=14.2. 7.6 Hz. 1H). 7.31 (d.J=8.1 Hz. 2H 
aromatic), 7.49(d,J=8.1Hz,2H aromatic); 
MS-FD M/e 544(M*): 



Anal. CaJcd for C^H^O: 


Found: 


C. 77.1 7; 
C.77.46; 


H, 9.44 
H, 9.60 



Example 17 

Preparation of 4a-(4-methoxycartionyibenzy1)cholestan-3-one 
IR(CHa, air 1 ): 1711 

300MHz 1 H NMR(CDa„ ppm) 8 0.67(s.3H. CH S ). 0.87 (d.J=6.6Hz.6H. -CH^HjM. 0.90(d.J=6.8Hz.3H. 
-CH(CHs)-). 1.08<s.3H. -CH,). 0.70-1.66(nv22H). 1.66-1.92(m.3H). 1.92-2.10(m. 2H). 2^6-2.35(m.1H). 
2.44(td. J=13.9 Hz. 6.2Hz. 1H). 2.55-2.65 (m. 1H). 2.87 (dd. J=14.2Hz; 3.2Hz. 1H). 3.06(dd,J=14.2 Hz; 7.4Hz. 
1H). 3.90(8. 3H. -COjCHj). 7.27 (d.J=8.11Hz. 2H). 7.91(dJ=8.1Hz. 2H). 
Mass(M/z. FD*):534(MT; 



Elemental Anal.: Calcd for Qa^O* 


Found: 


C, 80.85; 
C, 81.01; 


H, 10.18 
H 10.05 



Example 18 

Preparation of 4a-(4-benzyloxybenzyl)cholestan-3-one 
12.5% yield; mp 175.0-178.0°C (CHjCiyCHaCN); 
IR(CHOJ 1703 cm- 1 ; 

NMR 300MHz (CDCI,) 8 0.68(s.3H. methyl). 0.87(d.J=6.6Hz.6H). 0.91(d.J=6.5Hz.3H.). 0.70-1. 62(m.22H). 
1 70-1.90(m.3H). 1.95-2-08(m,2H).2.28(brd. J=14.6Hz. 1H).2.35-2.58(m.2H). 2.80 (brdd.J-14.4. 3.2 Hz.1H). 
2.93(dd. J=14.0. 7.0 Hz. 1H). 5.03 (s. 2H. benzylic). 6.86(d,J=8.5Hz£H), 7.10(d,J=8.5 Hz. 2H). 7.36- 
7.50(m,5H, aromatic); 

MS-FD M/e 582(M*); 



Anal. Calcd for C^H^: 


Found: 


C. 84.48; 
C. 84.58; 


H, 10.03 
H. 10.07 



Example 19 

Preparation of 4a-(4-trifluoromethoxybenzyl)chole8tan-3-one 
14% yield; mp 128-1 30°C (CH 2 aa/CHiCN); 
IR(CHCIa)1705cnr 1 ; 

NMR (CDCW 5 0.68(8. 3H. methyl), 0.87 (d, J=6.6 Hz. 6H). 0.91 (d. J=6.5 Hz. 3H). 1.08 (s. 3H. methyl). 0.70- 
1.66 (m. 22H). 1.73-1.87 (m, 3H). 1.96=2.07 (m. 2H), 2.26-2.36 (m. 1H). 2.39-2.61 (m. 2H). 2.81 (dd. J=14.2. 
2.7 Hz. 1H). 2.98 (dd, J=14.3, 7.5 Hz. 1H), 7.07 (d. J= 8.4 Hz. 2H, aromatic). 7.21 (d. J=8.6 Hz, 2H. aromatic); 
MS-FD nVe 560 (M*); 
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Anal. Calcd. for CjsHsiFjO^ 


Found: 


C, 74.96; 
C, 75.00; 


H, 9.17 
H.9.09 



Example 20 



Preparation of 4a-(4-chlorobenzyl)cholestan-3-one 
37% yield; tnp 157-159°C (CHiCyCHjCN); 

Sy£(iSa^oS(i 3H. methyl). 0.87 (d. J=6.6 Hz, 6H). 0.91 (d. J=6.5 Hz. 3H). 1.07 (s. 3H. methyl). 0.72- 
£ iSSX. 1.7?1.87 (m. 3H) 1.96-2.07 (m. 2H). 2.26-2.36 (m. 1H). 2.39-2.61 (n, 2H) . 2.81 (dd. J-14.2. 
£tHz. 1H). 2198 (dd. J=14.3. 7.5 Hz. 1H). 7.12 (d. J= 8.4 Hz. 2H. aromatic). 7.20 (d. J=8.3 Hz. 2H. aromahc); 



Anal. Calcd. for C35H51CIO: 


Found: 


C, 79.88; 
C. 79.78; 


H, 10.06 
H, 10.15 



Example 21 

Preparation of 4a-(3.4-dichlorobenzyf)cholestan-3-one 
9% yield; mp 156-1580C (CHiCtfCHjCN); 

NMr"cDCW ?<Zl. 3H. methyl). 0.87 (d. J-6.6 Hz. 6H). 0.91 (d. J=6.5 Hz. 3H). 1.07 (s. 3H methyl). 0 72- 
1 68 (m 22H). 1.73-1.87 (m. 3H). 1.96-2.07 (m. 2H). 2.26-2.36 (m. 1H). 2.39-2.61 (m. 2H). 2.81 (dd. J=14.2. 
2.7 Hz. 1H). 2.98 (dd. J-14.3. 7.5 Hz. 1H). 7.01-7.04 (m. 2H. aromatic).7.25-7.36 (m. 2H. aromatic); 



Anal. Calcd. for C34H50CI2O: 


Found: 


C, 74.84; 
C f 75.07; 


H. 9.24 
H. 9.31 



Example 22 

Preparation of 4a-benzylcholestan-3a-ol. 

Reduction with diisobutylaluminum hydride. 

A solution of dusobutyl aluminum hydride (1 .0M in toluene. 0. 31 ml. 0.31 rnmol) ^^^ropwfeetoa 
stirred solution of 4a-benzylcholestan.3*>ne (159mg. 0.33 mmol) in 6 ml dry rnethytenecWonde at -78 C under 
an argon atmosphere. The resulting mixture was stirred at -78-C for 30 min before ft was slewed to warm up 
to £2. where it was quenched with 5 ml of 1N HCI(aq.) and 10 ml diethyl ether. The b, P has« mixture was 
stirred vigorously for 30 min. The oraanic layer was separated and washed sequentiaOy with 5 ml saturated 
aqueous sodium bicarbonate and 5 ml brine, dried over anhydrous MgS04 filtered and concentrated The , re- 
scue was subjected to MPLC separation on silica gel (n-hexane -» 15% ethyl acetate/n-hexane as eluent) to 
grve 45?n^ JsTyieki) of the desired 4a.benzy.cho.estan.3a-o. and 85.0 mg (53% yield) 4a-benzy.cho.e- 
stan-30-ol. 

28% yield; mp 145.0-146.0°C (CH 2 CiyCH,CN); 

N^Of^cS) 6 0.64(s.3H. methyl,. 0.82(s.3H. methyl) W'^^f*^^ 
0.70-1.90(m.30H). 1.90-2.00(M.1H). 2.37 (brt.J=12.0 Hz. 1H). 2.85(dd.J=13.1; 4.5Hz. 1H). 3.46(brd.J-1.9Hz 
1H). 7.10-7.32(m,5H); 
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MS-FDm/e478(M*); 



10 



15 



20 



Anal. Calcd for C^H^O: 


Found: 


C, 85.29; 
C. 85.59; 


H. 11.36 
H. 11.72 



By substantially following the procedures described in Example 22, the compounds of Examples 23 
through 27 were prepared. 

Example 23 

Preparation of 4a-(4~fluorobenzyl)cholestarv3a-ol 
27% yield; mp 174.0-175.5"C (CHaClj/CHaCN); 

NMR3W 5 0.64<s,3H. methyl), 0.81(s. 3H t methyl), 0.85<d,J=6.5 Hz, 6H). 0.89<d, J=6.6Hz. 3H), 

0 65-1.90<m,30H), 1.95<br d, J=11.7 Hz, 1H), 2.37(br t,J=12.3Hz, 1H), 2.80 (dd, J=13.2, 4.4 Hz, 1H), 3.44(br 
d, J=2.0 Hz, 1H), 6.94(t,J=8.5 Hz, 2H aromatic), 7.15 (dd, J=8.1, 6.7 Hz, 2H aromatic); 
MS-FD M/e 497(1+M*); 



Anal. Calcd for O34H53FO: 


Found: 


C, 82.20; 
C. 82.23; 


H, 10.75 
H, 10.83 



30 



35 



Example 24 

Preparation of 4a-(4-bronK>benzyf)cholestan-3a-ol 
41.5% yield; mp 177.0-178.0°C (CHaCyCHaCN); 

SrSmt^cSj 8 0.65(s.3H, methyl). 0.81<s.3H. methyl) 0.85(d, J=6.5 Hz, 6H). 0.89(d. J=6.4 Hz, 3H), 
0.70-1.88 (m. 30H). 1.96(br d. J=12.0Hz, 1H), 2.32-2.40<m.1H). 2.78(dd,J=13.2. 4.7Hz, 1H), 3.43(d.J=2.5 Hz, 
1H), 7.08{d, J=8.2Hz, 2H aromatic), 7.37(d,J=8.2Hz, 2H); 
MS-FD M/e 558(M*); 



Anal. Calcd for C^HsjBrO: 


Found 


C, 73.22; 
C, 73.34; 


H. 9.58 
H, 9.49 



45 
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Example 25 * 

Preparation of 4a-(4-iodobenzyl)cholestan-3a-ot 
37.3% yield; mp 1B7.0-188.5°C (CHaCla/CHaCN); 

NM^3W Mte^OT ©3) 8 0.67(s.3H. methyl), 0.83(s,3H, methyl) 0.88 (d.J=6.6 Hz, 6H). 0.91(d^ J=6 |» »fc 
0 701.90 (m,30H), 1.98 (br dd. J=11.9Hz. 1H). 2.37(br t, J=12.2Hz, 1H). 2.80 (dd.J=13.2. 4.4Hz. 1H). 3.46(br 
d.. J=2.4Hz, 1H). 7.0(d,J=8.1 Hz, 2H aromatic), 7.59(d,J=8.1Hz,2H aromatic); 
MS-FD M/e 604(M*); 



55 
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Anal. Calod for CmHsjIO: 


Found: 


C. 67.53; 
C, 67.58; 


H.8.84 
H. 8.96 



10 



15 



20 



Example 26 

Preparation of 4a-(4-trifluonxnethylbenzy1)cholestan-3a-o* 
33% yield; mp 174.5-1 75.5°C (CHjCIj/C^CN); 
|R(CHCU br 3610 cnr 1 ; 

NMR 300 MHZ (CDCI3) 5 0.65(S,3H. methy!). 0.82(s,3H, methyl) O.B5(d, J=6.6Hz, 6H), 0.89(d,J=6.5 Hz, 3H), 
0.7O1.90(M,30H). 1.94-1.99(m,1H), 2.48 (brd. J=12.1 Hz, 1H). 2.88 (dd. J=13.2. 4.3 Hz, 1H). 3.40 (brd, J=2.4 
Hz, 1H), 7.31 (d, J=7.9 Hz 2H aromatic), 7.51 (d,J=8.0 Hz, 2H aromatic); 
MS-FD M/e 546(M*); 



Ana). Calcd for C35H53F3O: 


Found: 


C, 76.88; 
C, 76.96; 


H, 9.77 
H, 9.83 



25 



30 



Example 27 

Preparation of 4a-(3,4Klichloroc^nzyl)chc^estan-3a-ol 
12.5% yield; mp 168-170"C (CrWCHaCN); 

l^M^(CDal)To.67(s t 3H, methyO. 0.84 (s. 3H, methyl), 0.88 (d, J=6.5 Hz, 6H). 0.91 (d, J=6.3 Hz, 3H), 0.70- 
1.90 (m, 30H). 1.95-2.03 (m. 1H) f 2.41 (br. t, J=11.7 Hz, 1H), 2.79 (dd, J=13.0, 4.3 Hz, 1H). 3.46 (br s, 1H), 
7.05-7.15 (m, 1H, aromatic), 7.33-7.40 (m, 2H. aromatic) 



35 



Anal. Calcd. for C^HaCfeO: 


Found: 


C, 74.56; 
C. 74.80; 


H, 9.57 
H, 9.42 



50 
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Example 28 

Preparation of 4a-(4-cyanobenzyl)chote3tan-3a-ol 

Reduction with K-selectride (potassium tri-sec-butyi-borohydride 

K-selectride (1.0M in THF, 0.553 ml, 0.553 mmol) was added dropwise to a stirred solution of 4a-(4-cya- 
nobenzyl)cholestan-3^ne (154 mg, 0.307 mmol) in 4 ml dry THF at -20°C under an argon atmosphere. After 
1 hour at -20°C. the reaction mixture was quenched with 500 uJ acetic acid and allowed to warm up to ambient 
temperature where it was stirred for an additional 15 min. The suspension was filtered through a short pad of 
silica gel (ethyl acetate as eluent), the fractions containing product were collected and concentrated to give a 
white solid residue which was recrystallized in acetonitrae/methylene chloride to give 135 mg (0.268 mmol. 
87% yield) 4a-<4-cyanobenzyl)cholestan-3a-ol. 

3S PPm) 6 0.67(S,3H, CH3), 0.84 (s, 3H. -CH3). 0.88(d, J=6.6Hz, 6H, ^QtfcW. 

0 91(d J=6 7Hz, 3H, -CHtChfe)-). 0.70-1.92 (m. 30H), 1.99 (broad d, J=12.0 Hz, 1H). 2.52 (broad t. J=12.0Hz, 
1H), 2.88(dd, J=13.1Hz, 4.4Hz, 1H). 3.39 (broad s, 1H), 7.34 (d. J=8.0Hz, 2H). 7.57(d, J=8.0Hz, 2H) 
Mass(FD*):503(M f ); 
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Elemental Anal.: Calcd for C35H0NO: 


Found: 


C, 83.44; 
C, 83.14; 


H f 10.60, 
H, 10.67, 


N, 2.78; 
N2.85 



Example 29 

Preparation of 4<i-(4-methoxycart»ny1benzy1)cholestan-3a-o) 

S ( 0Mrte*i H^MR^Da!,! 1 ppm) 5 0.67(s,3H, CH S ). 0.84 (d.J=6.6Hz.3H. -CH(CH,)-). 0.88(d.J=6.6Hz.3H. 
-CHfCH,)-) 0 91(d. J=6.5Hz, 3H. -CH(CH^-). 0.70-1.92(m. 30H). 1.98 (broad d. J=12.9Hz. 1H). 2.50(broad t, 
J=12.0rtCiH). 2.90(dd. J=13.1 Hz. 4.6Hz. 1H). 3.43(d. J=2.5Hz. 1H). 3.91(S. 3H. -CH,). 7.30(d. J=8.1Hz, 2H). 
7.95(d.J=8.1Hz.2H). 
Mass(FD):535(MM); 



Elementary Anal.: Calcd for C^naO* 


Found: 


C, 80.54; 
C. 80.43; 


H. 10.51; 
H, 10.49 



Example 30 

Preparation of 4a-(4-trifluoromethoxybenzy1)c<^lestan-3a^ 
48% yield; 

^S^W^^ ^thyf), 0.82 (s, 3H, methyl). 0.85 (d, J=6.6 Hz, 6H). 0.89 (d, J=6.4 Hz^H). 0.70- 
UC > (m. £S>. 1.^1.99 (m. 1H). 2.48 (br t, J=12.1 Hz. 1H). 2.88 (dd. J= 13.2 H. 3 Hz, 1H). 3.40 (br d. J=2.4 
Hz, 1H). 7.08-7.15 (m, 1H, aromatic). 7.20-7.23 (m, 1H, aromatic); 
MS-FD m/e 562 (M*); 

Example 31 

Preparation of 4a-(4-chlorobenzyl)cholestan-3a-ol 
8% yield* 

NMR (cbct,) 8 0.67(9. 3H. methyl). 0.84 (s. 3H. methyl). 0.88 (d J=6.5 6H) 1 0.91 1 (d. J-J4 Hz, 3H£ 

0 70:1 94 (m, 30H). 1.96-2.03 (m, 1H). 2.40 (dd. J-13.1. 11.3 Hz. 1H). 2.82 (dd. J= 13.2. 4.6 Hz. 1H). 3.46 (br 
d. J =2.5 Hz. 1H). 7.15 (d. J= 8.3 Hz. aromatic). 7.24 (d. J=8.2 Hz. aromatic) 

Example 32 

Preparation of 4o-(4-benzyloxybenzyl)cholestan-3o-ol 

By substantially following the procedures of Example 28 and then Example 22. and utilizing the compound of 
Example 18. the title compound was prepared. 
44.8% yield; mp 208.0-20%5°C (CH^CHsCN); 

Sm^W)5 0.67(s.3H. methyl). 0.84(s.3H. methyl) 0.88(d. J=6.6Hz. 6H). 0 92(d.J=6 .4 3H). 0JO- 

1 90(m 30H) 2.0 (br d.. J=12.0Hz, 1H). 2.35(br t J=11.3 Hz. 1H). 2.82 (dd. J=13.4. 4.4 Hz. 1H). 3.51 (br d. 
£3 SS3 i s .05 (s. 2H. benzylic). 6.92 (d. J=8.4 Hz. 2H. aromatic ). 7.13 (d. J=8.4 Hz. 2H. aromatic). 7.30- 
7.50 (m, 5H aromatic); 

MS-FD M/e 584(M*); 
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Anal. Calcd for C^HwOj: 


Found: 


C, 84.19; 
C. 84.44; 


H. 10.34 
H, 10.28 



Example 33 

Preparation of 4a-(4-hydn>xymethylbenzyl)cholestan-3a-ol 

Asolution of diisobutylaluminum hydride (1.0M in toluene. 1.69 ml. 1.69 mmd) was added dropwise to a stirred 
solution of 4a-(4-methoxycarbonylbenzyl^ 0.375 mmol) in 6 ml dry THF at-10*C under 

an argon atmosphere. The resulting mixture was stirred at -10°C for 1 hr and then 5 ml 1N HCI(aq) was added. 
The biphasic mixture was stirred vigorously at ambient temperature for 30 min. The organic layer was separated 
and the aqueous layer was extracted with methylene chloride (30 ml x 2). The combined organic layers were 
washed sequentially with 3 ml saturated NaHCO^aq) ,3 ml H2O and 3 ml brine, dried over anhydrous magne- 
sium sulfate, filtered and concentrated. The residual white solid was dissolved in a small amount of THF/CHjC^ 
(1 ml), then subject to MPLC separation on silica gel (ethylacetate/toluene : 10% -» 35% as eluent) to give 
59.0 mg (0.11 mmol, 31% yield) 4a-(4-hydroxymethytbenzyl)-cholestan-3a-ol and 131 mg (0.258 mmol. 69% 
yield) 4a-(4-hydroxymethylb«nzyi)crKxestan-3p-ol. Both were ^crystallized in acetonHrfle to give white nee- 
dles. 

IR(CHd 3 . cm-1): 3615 

300MHz 'H NMR(CDCI„ ppm) 8 0.67(s.3H. CH3), 0.84 (s. 3H. -CHJ. 0.88(d. J=6.6Hz, 6H, -Cr^CH^. 
0 91(d.J=6.5Hz, 3H, -C^CHj)), 0.70-1.90 (m. 31H), 1.98 (broad d. J=12.0 Hz. 1H), 2.41 (dd. J=13.0Hz, 1H). 
2.87(dd, J=1 3.3Hz. 4.6Hz, 1 H). 3.48 (d. J=2.0Hz, 1 H). 4.67(s. 2H). 7.22(d. J=8.0Hz, 2H). 7.29(d. J=8.0 Hz, 2H). 
Mass (FD*):508(M*); 



Elementary Anal.: Calcd for CasHaO* 


Found: 


C, 82.62; 
C, 82.87; 


H. 11.09; 
H, 11.27 



Example 34 

Preparation of 4a-(4-cart>oxybenzyl)cholestan-3a-ol 

An amount 0.784 ml of 2N UOH(aq) was added to a stirred dear solution of 4a-(4-methoxycartx)nytben- 
zyl)cholestan-3a-ot (84.0g, 0.157 mmol) in a solution of THF (4ml)/CH30H(1 ml) at ambient temperature. The 
resulting suspension was heated to reflux for 1 hour under nitrogen atmosphere. At ambient temperature the 
reaction mixture was treated with a 1 .8 ml of 1 N HCI(aq). followed by 30 ml HjO. The resulting white precipitate 
was filtered off and washed with HjO. After drying In a vacuum oven at 60°C for 1 hour, 84.1 mg (0.142 mmol. 
yield 90%) of the desired product as a white solid was obtained. 
IR(CHa 3 , crrr 1 ): 3620. 1690 

300MHz 'H NMR(COa„ ppm) 6 0.67(s,3H. CH,), 0.85 (s. 3H, -CH3). 0.88(d. J=6.6Hz, 6H, -CHtCH^. 
0 91(d.J=6.5Hz, 3H. -CH(CHa)-). 0.70-1.90 (m, 31H), 1.99 (broad d. J=12.0. 1H), 2.53 (broad t. J=12.1 1H), 
2.92(dd. J=13.3Hz, 4.4Hz, 1H). 3.44 (broad s. 1H). 7.34 (d. J=8.1 Hz. 2H). 8.02(d, J=8.1 Hz. 2H) 
Mass(FD):522(M*> 505 (M*-OH); 



Elementary Anal.: Calcd for 


C 3 5H54OyC 4 H 8 0{THF): 






C. 78.74; 


H. 10.50; 


Found: 


C. 78.43; 


H. 10.34 
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Example 35 



10 



15 



20 



Preparation of 4a-(4-hydroxybenzyl)cholestan-3-one 

^PtfCp&f mgf palladium on carbon was added to a stirred solution of 4M4-benzyloxybenzy1)criolestan- 
3-one(770 mg, 1 .32 mmol) in 8 ml THF at ambient temperature under an argon atmosphere. Argon was removed 
and hydrogen was introduced from a balloon f Bled with hydrogen. The reaction mixture was stirred under hy- 
drogen atmosphere overnight After filtration through a short pad of Celite®, the f iltrate was concentrated and 
theresidual solid was recrystallized from toluene to yield 400 mg (62% yield) 4o-(4-hydroxybenzyl)cholestan- 
3-one. 

53% yield; mp 234.0-238.0°C (CH 2 0/CH 3 CN); 
IR (CHCI )" bf 3604 1702 cm" 1 " 

NMR 300 MHz (CDCI S ) 8 0.68(sl3H. methyl). 0.87(J=6.6Hz, 6H). 0.90(d.J=6 Hz 3H). 1 .05(s. 3H. methyl). 0.70- 
■ 1 eSmS»H). 1.72-1 .5) (m. 7»). 1.96-2.08 (m. 2H). 2.28 (br d.. J=8.9. 1H). Z35-2.55(m. 2H). 2.80(dd 3=14^3 
3.3Hz. 1H). 2.91 (dd. J=14.3. 7.2 Hz. 1H) 4.70 (br. s. 1H. -OH). 6.70 (d. J=8.3 Hz. 2H aromabc). 7.06 (d. J=8.3 
Hz. 2H. aromatic); 
MS-FD M/e 492(M*); 



Anal. Calcd for C^H^; 


Found: 


C, 82.87; 
C. 83.11; 


H, 10.64 
H, 10.41 



25 



30 



Example 36 

Preparation of 4a-(4-hydroxybenzy1)cholestarv3a-ol 

The above 4a-(4-hydroxybenzyl)cholestaj>-3-one from Example 35 was reduced, as described previously in 
Example 22, using diisobutylaluminum hydride to yield 42% yield of 4a-(4-hydroxybenzy1)cholestan-3a-ol and 
44% yield of 4a^4-hdyroxybenzyl)cholestan-3M- 
42% yield; mp decomposes at 21 5.0°C (EA/CH3CM); 

^SSSSSSS* 0.67(s.3H). 0.84(2, 3H. methyl). 0 .88(d *^^<->* 4 * 
1 90(m 31H). 2.0 (br d, J=11.9 Hz, 1H). 2.33(br t. J=11.3 Hz, 1H). 2.81 (dd. J=13.5. 4.4Hz, 1H). 3.51(br d, 
J=2.5Hz, 1H). 6.76(d. J=8.2Hz. 2H. aromatic). 7.08(d. J=8.2Hz, 2H, aromatic); 
MS-FD M/e 494(M*); 



Anal. Calcd for C^H^: 


Found: 


C, 82.53; 
C. 82.73; 


H f 11.00 
H, 10.72 



45 Example 37 

Preparation of 4-benzyl-4-cholesten-3-one 

AsoluBon of4-cholesten-3-one (30.4 g. 79.0 mmol) and pyrrolidine (33.0 ml, 395 mmol) in 120 ml benzene 
was heated to reflux under nitrogen with continuous removal of water for 24 hours. The reaction mixture was 
concentrated in vacuo to dryness to give 34.9 g (79.0 mmol. 100% yield) of 3-pyrrdidirw-3.5-chdestad.ene, 
as a yellowish solid. 

A stirred suspension of 3-pyrrolidino-3.5-cholestadiene (438 mg. 1.00 mmol) and benzyl bromide (178 pi. 
1 50 mmol) in 6 ml dry DMF was heated in an oil bath at 180°C under Argon for 2 hours, then the o.l bath 
temperature was cooled down to ~100°C. To the reaction mixture was added 4 ml water and 3 ml dioxane. 
The resulting mixture was stirred at 100»C for 1.5 hour before it was allowed to cool down to ambient temper- 
ature. Ether, 20 ml. and 20 ml water were added to the mixture. The organic layer was separate and the aqu- 
eous layer was extracted with ethyl ether (20 ml x 2). The combined organic layers were washed with 10 1 ml 
brine dried over anhydrous MgS0 4 . filtered and concentrated. The oily residue was subject to MPLC separation 
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on siica gei (ethyl acetate/rvhexane: 10 20% as eluent) to give 252 mg (0.532 mmol, 53% yield) 4-benzyl- 
4-cholesten-3-one as a colorless viscous oQ. 
mp: ofly product 
IR(flm,cnH):1667 

300MHz *H NMR(CDCI Sl ppm) 8 0.71(s,3H, CH3). 0.87 (d, J=6.4Hz, 6H, -CH(CHs), 0.92(d. J=6.4Hz, 3H, 
-CHCH r ). 1.23 (s, 3H f -CH 3 ). 0.77-1.65(111, 19H), 1.65-1.95 (m, 3H), 1.95-2.19(m,3H), 2.40-2.59(m, 2H). 
2.76<broad d, J=14.7 Hz, 1H), 3.70(d, J=15.4 Hz, 1H), 3.76 (d, J=15.4 Hz, 1H). 7.09-7.30(m, 5H).c 
Mass(M/Z, FAB): Calcd for C34H51O (M++1 )475.3940;: 
Elementary Anal.: 

Found: C, 475.3935 

Example 38 

Preparation of 4-benzyM-cho!esten-3a-ol 

4a-benzy1-4^holesten-3-one<213 mg. 0.449 mmol) from Example 37 was reduced as described previously, 
using diisobutylakiminum hydride to give 21.5 mg (0.0452 mmol, 10% yield) 4a-benzyW-cholesten-3a-ol and 
189 mg (0.397 mmol, 88% yield) 4a-benzyW-cholesten-3p-Ql. both as colorless viscous oils. 
IR (CHCU, cm- 1 ): 3608 

300MHz 'H NMR(CDCl3. ppm) 8 0.65(s,3H. CH 3 ), 0.89 (d, J=6.6Hz, 6H, -CHtCHaW. 0.92(s, 3H, -CH S , 0.97 (d. 
J=6.5 Hz, 3H, -CH(CHj)-), 0.68-1.65 (m, 25H), 1.71-1.86(m,2H). 1.95 (broad d, J=12.4 1H), 2.50(broad d, 
J=14.2Hz. 1H). 3.50 (d. J=15.6 Hz, 1H). 3.56 (d. J=15.6 Hz, 1H). 3.79 (s, 1H), 6.98-7.16 (m. 5H) 
Mass 475 (MM); 

Example 39 

Preparation of 4a-(2-propenyl)-5-cholesten-3-one 

By substantially following the procedures described above in Example 37 and using ally! bromide as a reactant, 

the title compound was prepared. 

10% yield; mp 77-78.5"C (CH^CH^N); 

NMR (oVbenzene) 8 0.58{s, 3H, methyl). 0.85 (s. 3H, methyl). 0.86 (d, J=6.8 Hz, 6H), 0.94(d, J=.4 Hz. 3H). 
0.70-1.59 (m. 21H). 1.70-2.10 (m.5H), Z20-Z33 (m, 1H). 2.78-2.91 (m, 1H), 2.93-3.0 (m. 1H), 4.96-5.09 (m, 
2H); 5.2S-5.29 (m, 1H); 5.87-6.02(m, 1H); 

MS-FD m/e 424 (M 4 ); 



Anal. Calcd. for CjoH^O: 


Found: 


C. 84.84; 
C, 85.09; 


H, 11.39 
H, 11.71 



Example 40 

Preparation of 4a-(2-propenyl)-5-cholesten-3a-ol 

By substantially following the procedures described in Example 28, the title compound was prepared. 
30% yield* 

NMR (CDCI,) « 0.66(s. 3H, methyl). 0.85 (d, J=6 ; 6 Hz. 6H). 0.90 (d. J=6.6 Hz. 3H). 1.02 (s. 3H. methyl). 0.70- 
2.43 (m. 30H). 3.89 (br s. 1 H), 4.96-5.13 (m. 2H). 5.35-5.46 (m. 1H). 5.76-5.93 (m. 1H). 

Example 41 

Preparation of 4-cholesten-24-N,N-dimet hylamide-3-one: 
The compound 4a-cholest-4~en-24-oic acid -3-one was prepared substantially according to the procedures de- 
scribed in Miyamoto, et ah, Synthetic Communications. 16, No. 5. 513-521 (1986) and Demir. et aL, Organic 
Preo and Proc. International, 19 (2-3), 197-208 (1987) which are incorporated herein by reference. 

A -5°C solution of 4a-cholest-4-en-24~oic acid -3-one (2.5g, 6.71 mmol) in dry methylene chloride (20.0 
ml) was treated with N-methyl-morpholine (2.58 ml. 23.49 mmol) followed by isobutytchloroformate (1.05 ml, 
8.1 mmol). The suspension was stirred for 45 minutes and then N.N-dimethylamine hydrochloride salt (1.1g, 
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13.42 mmol) was added. The reaction was stored for 45 minutes then dButed with 40 mi C^Cl* The reaction 
mixture was f itered over a pad of CeJite® and then the organic materiai was washed with 30 ml distilled water, 
then brine (30 ml). The dried organic was then f itered, and concentration of the filtrate yielded a yellow solid 
which was subjected to f lash-chromatography (60% EtOAcftol to 80% EtOAc/tol) to afford the desired com- 
s pound (2.51g, 6.73 mmol, 94%) as a solid. Crystallization from CHjCl^tOAc and hexane gave an off-white 
solid, mp 173-174.5'C. 
|R (CHO3) 1632, 1047 CflT"*; 

1HNMR (CDCI,) 8 0.72(s. 3H. methyl). 0.95 (d, J=6.4 Hz. 3H. methyl). 1.19 (s. 3H, methyl). 0.74-Z5 (m. 25H). 
2.9 (br s. 6H). 5.73 (s. 1H. vinyl); 



10 MS-FD m/e 399 (M*); 





Anal. Calcd. for C^NO* 






C, 78.15; 


H, 10.34, 


N, 3.51 


15 


Found: 


C. 78.39; 


H, 10.31. 


N, 3.71 



Example 42 

20 Preparation of 4a-(2-propenyl)-cholan-24-N,N-dimethyl amide-3-one. 

4a-{2.propenyl)-cholan-24-N,N-dimethylamide.3-one (420 mg, 0.95 mmol., 38% was prepared according 
to the procedures described in Example 22 from 4-chdesten-24-N.N-dimethyl amide-3-one (1 .0 g, 2.5 mmol), 
lithium wire (38 mg. 5.5 mmol) distilled liquid ammonia (15 ml), tertiary butyl alcohol (165 uJ, 1.75 mmol) and 
ally! bromide (650 pi, 7.5 mmol) dissolved in dry toluene (16 ml) and dry THF (25 ml.) at-78°C. 

25 38% yield; mp 83-85°C 

SNM^CDaj 6 0.69(s, 3H, ^thyl). 0.94 (d, J=6.4 Hz, 3H, methyl). 1 .06 (s, 3H, methyl). 0.71-2.56 (m, 29H), 
2.98 (br s 6H). 4.95-5.06 (m, 2H vinyl), 5.70-5.86 (m, 1H vinyl), 
MS-FD m/e 441 (M*); 



Anal. Calcd. for C^H^O* 


Found: 


C, 78.86; 
C. 79.06; 


H, 10.73, 
H. 10.85, 


N. 3.17 
N, 3.10 



Example 43 

40 Preparation of 4a-(2-propenyl)-cholan-24-N.N-<limethylaiTiide-3a-ol. 

4a-{2-propenyl)-cholan-24-N.N-<limethyt amlde-3a-ol (92 mg. 0.20 mmol. 46%) was prepared according 
to the procedures described In Example 28 using 4a-(2-propenyl)-criolarv24-N,N-dHTwthylamide-3^ne (200 
mg. 0.45 mmol). and 1.0 M K-selectride (1.58 ml. 1.58 mmol) in dry THF (2.0 ml) at -78°C. 
53% yield; mp218-220°C (toluene); 

45 'iHNM^OT^SO^OH. methyl). 0.82 (s. 3H. methyl). 0.95 (d. J=6.4 Hz, 3H. methyl). 0.71-Z04 (m. 27H). 
Z16-2.46 (m. 3H). 2.99 (br s. 6H). 3.91 (br s. 1H). 5.00-5.16 (m. 2H. vinyl). 5.80-5.99 (m. 1H. vinyl) 
MS-FD m/e 443 (W+1) 

so Example 44 

Preparation of 4a-(2-propenyl)-cholan-24-N.N-dimethylamino-3a-ol. 

An ice-cold suspension of lithium aluminum hydride (26 mg. 0.69 mmol) in dry THF (2.0 ml) was treated with 
4a-(2-propenyl)-cholan.24-N.N-dinethylamide-3a-ol (100 mg. 0.23 mmol) dissolved in dry THF (5.0 ml), and 
55 added to the reaction via cannula The reaction was stirred 1 hour at 0*C. quenched with 5.0 ml EtOAc followed 
by 2N NaOH (5.0 ml). The reaction mixture was stored vigorously for 45 minutes, the phases separated and 
the organics washed with brine (4.0 ml), and concentrated in vacuo to solid. The solids were purified further 
with flash chromatography (CHCI, to 5% MeOH/CHQ, with 0.45% NEts) to afford the desired compound 
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(88mg, 0.198 mmol; 96%). Crystallization from CHaCN/CHjdj gave a white solid.(mp 146-148°C). 
IR (CH3CI) 3618 (br). 1049 cnr 1 ; 

i HNMR (CDCij) 60.66 (s, 3H, methyl), 0.82 (s. 3H. methyl),) 0.92 (d, J=6.4 Hz, 3H. methyl), 0.70-2.04 (m, 27H), 
2.23-253 (m, 3H), 3.91 (br s, 1H). 5.00-5.16 (m, 2H vinyl). 5.80-5.98 (m, 1H, vinyl), 
MS-FDm/e429(M*+1) 



Example 45 

Preparation of 3a-(isobutytoxycart»ny1oxyM2^ 

N-methytmorpholine (2.82 ml, 25.6 mmol) was added to a stirred suspension of deoxycholic acid (1.00 g, 
2.55 mmol) in 6 ml of dry CHjCIj at ambient temperature under an argon atmosphere. The resulting dear sol- 
ution was cooled to 0°C in an ice bath and then treated dropwise with isobutytchloroformate (1.02 ml, 7.90 
mmol) to form a white suspension. After 45 minutes at 0*C, solid dimethylamine hydrochloride (624 mg, 7.65 
mmol) was added to the reaction mixture and the reaction mixture was stirred at 0°C for an additional 2 hours. 
The reaction mixture was dButed with 40 ml of EtOAc before it was f atered through a short pad of silica gel 
(EtOAc as eJuent). The filtrate containing the desired amide was concentrated in vacuo to give a white solid, 
which was purified by flash column chromatography on silica gel (gradient EtOAc/rvhexane: 50% 80%) to 
give 989 mg (1.91 mmol, 75%) of white solid. Recrystallization from CHjClj/rvhexane gave white crystals, mp 
156.0-157.0°C. 

IR (KBr): 3418 (br), 2941. 2871, 1747, 1632 and 1256 cnr' 

NMR (300 MHz. CDCI*): 0.70 (s, 3H). 0.94 (s, 3H), 0.96 (d, J=6.8 Hz, 6H), 1.00 (d, J=6.3 Hz, 3H). 2.10-0.85 
(m, 26H), £30-2.16 (m, 1H). 2.47-2.33 (m, 1H). 2.96 (s, 3H). 3.03 (s, 3H), 3.91 (d. J=6.7 Hz. 2H), 3.99 (br s. 
1H), 4.66-4.52 (m, 1H) 
Mass (FAB): 520 <M*+1). 519 (M*) 

By substantially following the procedures described in Example 45. the compounds of Examples 46, 47, 

48 and 49 were prepared. 



Example 46 

Preparation of 3a-(isobutyloxycarbonyloxy>^daiv2 
Formula weight 503.65 
C3iH«N0 4 
1 HNMR (CDCI3) 



Example 47 

Preparation of 3a-(isobutyloxycarbonyloxyH^ 
Yield 76% (foam) 

IR (FBm): 33420 (br). 2940, 2870. 1730, 1630 and 1255 cnH 

'HNMR (300 MHz, CDOfr 0.65 (s. 3H), 0.91 (s. 3H). 0.93 (d, J=6.8 Hz. 6H), 0.94 (d. J=6.3 Hz, 3H), 2.03-1.00 
(m t 25H), 2.26-2.12 (m. 1H). 2.47-2.28 (m, 2H), 2.93 (s, 3H). 3.00 (s. 3H). 3.84 (bra.. 1H), 3.86 (d, J=6.7 Hz, 
2H) and 4.50-4.36 (m, 1H) 

Mass (FAB): 520 (M*+1) C^HwNOs. 520.4002 
Found 520.4001 



Example 48 

Preparation of 3a-(isobutyicwycart»nyio^ 
Yield 57% (gum) 

IR (Neat) 3420 (br), 1260, 1250, 780, and 760 cnr' 

iHNMR (300 MHz. CDCI,): 0.71 (s. 3H), 0.92 (s. 3H). 0.95 (d, J=6.7 Hz, 6H), 1.01 (d, J=6.3 Hz, 3H). 2.07-0.90 
(m, 23H), 2.32-2.13 (m. 2H). 2.50-2.32 (m. 2H), 2.95 (s, 3H), 3.03 (s, 3H), 3.96-3.76 (m, 1H), 3.89 (d, J=6.7 
Hz, 2H), 4.0S4.96 (m. 1H), and 4.5S4.35 (m, 1H) 
Mass (FAB): 536 (M++1 ) , 535 (M*) 

Example 49 

Preparation of 3a-(isobutyloxycarbonyloxy^7p-hydroxy-cholan-24-oxo-N l N-dimethylamide 

58 
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Yield 85% 

1HNMR (300 MHz, CD0 3 ): 0.64 (s, 3H), 0.91 (d, J=6.8 Hz, 9H). 0.92 (s. 3H), 2.00-0.80 (m, 26H), 2^4-2.10 
(m, 1H), 2.39-2.26 (m, 1H), 2.90 (s, 3H), 2.98 (s, 3H), 3.60-3.45 (m, 1H), (d, J=6.6 Hz, 2H). 4.56-4.42 (m, 1H) 

5 Example 50 

Preparation of 3a, 12a-dihydroxy-25-azacoprostane 

Lithium aluminum hydride (110 mg, 2.89 mmoi) was added to a stirred solution of 3a-(teobutyioxycart>o- 

nyloxy)-12a-(hydroxy)cholan-24-oxo N, N-dimethylamide (300mg, 0.578 mmol) in 6 mi of dry THF at 0°C under 
io argon. The resulting dark gray suspension was stirred at 0°C for 2 hours. The reaction mixture was treated 

dropwise with 2 ml of methanol and 12 ml of 2N aq. NaOH sequentially, and then stirred vigorously at ambient 

temperature for 30 min. The mixture was extracted with EtOAc/CH^fe (3/1; 30 ml x 3). The combined organic 

layers were washed with saturated aq Nad (30 ml x 3), dried over MgSO* filtered and concentrated in vacuo. 

The residue was subjected to flash column chromatography on silica gel (gradient EtaN/CHsOH/CH^: 
15 0/10790 -» 5/10/85 -> 10/10/80) to give 215 mg (0.531 mmol), 92% of white solid. 

Recrystallization from CHjCVn-hexane gave white crystals, mp 240°C (dec). 

yield 92% 

IR (KBr) 3418 (br). 2937, 2864 cnr 1 

1HNMR (300 MHz, CDCI3): 0.69 (s, 3H), 0.92 (s, 3H), 1.02 (d, J=6.5 Hz, 3H). 2.00-1.00 (m, 28H). 2.81 (s, 3H), 
20 2.83 (s, 3H). 3.07-2.85 (m, 2H), 3.69-3.58 (m, 1 H), and 3.99 (br s, 1H). 
Mass (FAB): 406 (M++1), 405 (M 4 ) 

Example 51 

25 Preparation of 3a-hydroxy-25-azacoprostane 
IR (KBr): 3379 (br), 1068, 1041 cnr 1 

1HNMR (CDCI3): 5 0.72 (s. 3H. methyl), 0.79-1.00 (m, 6H), 1 .01-2.00 (m, 30H). 2.4-£63 (m, 7H). 3.53-3.70(m, 
1H); 

MS-FD, m/e: 389 (M*) 

30 

Example 52 

Preparation of 3a,7a-dihydroxy-25-azacoprostane 
Yield 94%; mp (CH 3 OH/Et 2 0): 196.0°C (dec) 
35 IR (KBr) 3355 (br), 2939, 2867 cnr 1 

NMR (300 MHz, CDCI*): 0.68 (s, 3H). 0.92 (s, 3H). 0.96 (d, J=6.5 Hz, 3H), 2.06-0.85 (m f 27H), 2.22 (J=12.4 
Hz, 1H). 2.57 (s, 6H). 2.75-2.42 (m, 2H), 3.5&-3.40 (m, 1H). 3.87 (br. s, 1H) 
Mass (FAB): 406 (M++1), 405 (M*) 

40 Example 53 

Preparation of 3a,7a,12a-trihydraxy-25-azacoprostane 
Yield 92% mp (foam) 

IR (CHCIa): 3613, 3417 (br), 2945 and 2867 cnr 1 
45 1HNMR (300 MHz, CDCI3): 0.70 (s. 3H), 0.91 (s, 3H). 1.01 (d, J=6.4 Hz, 3H), 2.40-0.98 (m, 29H), 2.23 (s, 6H), 
3.55-3.40 (m, 1H), 3.90-3.82 (m, 1H), and 4.00 (br s, 1H) 
Mass (FAB): Calc for C^H^NOj, 422.3634 
Found: 422.3635 



50 


Elem. Anal. Calcd forlCWVNOs H 2 0) 






C, 71.03; 


H, 11.23; 


N, 3.19 




Found: 


C, 70.94; 


H, 10.93; 


N, 2.95 
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10 



Example 54 

Preparation of 3a,7a^ihydroxy-25-azacopcostane 
Yield 83%; mp (C^OH/CHjCtj/EfeO): 195°C 
IR (KBr): 3413 (br), 2935, 2862 cnr 1 

NMR (300 MHz, CDC«: 0.69 (3, 3H), 0.95 (d, J=6.5 Hz, 3H), 0.96 (s, 3H), 1.98-0.95 (m, 27H), 2.02 (br d, J=12.1 
Hz, 1H). £38 (br s. 8H. CH^CH^fe), and 3.70 - 3.55 (m, 2H) 
Mass (FAB): Calc for C^NOj 406.3685 
Found: 406. 3697 

Example 55 



15 Preparation of 3,3-ethyiendioxy-17-^pentyloxycholest-5*ne 



20 



25 




(2.3) 




30 



35 



40 



45 



Testosterone, (14 g. 48 mmol). was mixed with toluene (100 mL). ethylene glycol (100 mL) and p-tolue- 
nesulfonic acid monohydrate (1.4 g. 7 mmol). The mixture was refluxed with a Dean-Stark trap for 8 h. Con- 
centration in vacuo gave an oil that was mixed with EtOAc washed with a saturated NaHCOj solution, dned 
over Na 2 S0 4 , and concentrated under reduced pressure. The residue was purified by preparative silica gel 
HPLC (15-30% EtOAc-hexanes) to give 10.1 g (62%) of a colorless ol as a 4:1 mixture of isomeis 2 and 3, 
respectively. 1 H-NMR 



pC s H t1 




B. 



To a flask containing potassium hydride (0.72 g, 0.18 mmol) under argon was added dry DMSO (20 mL). 
The mixture was warmed gently until gas evolution stopped. To this was added a solution of isomers 2 and 3 
(4 g 12.1 mmol) in dry THF (25 mL). This was cooled to 0°C before adding pentyl bromide (2.7 g. 18 mmol) 
as a neat liquid all at once. After stirring overnight at ambient temperature, the reaction was poured into water 
55 and extracted with EtOAc. The extracts were washed with brine several times, dried over MgS0 4 . then con- 
centrated under reduced pressure to a solid which was purified by flash chromatography (Si0 2 . 1 0-50% EtOAc- 
hexanes) to yield 1.89 g starting material and 1.42 g (55%) of 4. 'H-NMR 



60 



EP 0 562 849 A2 

Example 56 

Preparation of 3,3^thylerKlioxy-17pKK^yloxycholest-5-ene 



10 



15 




To sodium hydride (3 g, 76 mmol, 60% oi dispersion) which had been washed with hexanes under argon 
was added dry DMSO (50 mL). The mixture was warmed to 80°C unta gas evolution stopped. Cooled to 10°C 
and added a solution of isomers 2 and 3 prepared according to Example 55, part A, in dry THF (60 mL). Octyl 
bromide (7.34 g, 38 mmol, passed through neutral alumina) was added. The cooling bath was removed and 
the reaction was stirred at ambient temperature overnight The reaction mixture was quenched with HjO, ex- 
tracted with EtOAc the organic layer washed with brine several times and dried over MgS0 4 , then concen- 
trated under reduced pressure to a solid which was chromatographed (SiO* 10-1 5% EtOAc-hexanes) to yield 
1 .89 g of 5 as a white solid. 'H-NMR 



Example 57 

30 Preparation of 3.3-ethylendioxy-17^(4-methyl^ 



35 



40 




(6) 



To a flask containing potassium hydride (2 g. 50.6 mmol) and dry THF (20 mL) under argon was added a 
solution of isomers 2 and 3 prepared according to Example 55. part A, in THF (30 mL). The mixture was diluted 
with DMF (10 mL) and cooled to 0°C before adding 1-bromo-4-methyl pentane (8.34 g. 50.6 mmol) dropwise 
and the cooling bath removed. After stirring for 2 h at ambient temperature, the reaction was quenched with 
so HjO and extracted with EtOAc. The organic extracts were washed with brine then concentrated under reduced 
pressure. The resulting solid was purified by flash chromatography (Si0 2 , 2.5-5% EtOAc-hexanes) to yield 3.65 
g (87%) of 6 as a solid. 1 H-NMR, IR. MS. Anal. (C^Os) C. H. N 
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Example 58 

Preparation of 17p-p«nty*oxy-4-cholesten-3-one 




(7) 



The compound of Example 55, part B, prepared according to the procedures described in Example 55 (4.22 
g f 10.5 mmol) was mixed with acetic acid (66 mL). H 2 0 (33 mL) and THF (50 mL). The resulting mixture was 
heated at 80°C for 3 h. concentrated in vacuo, mixed with toluene and ^concentrated under reduced pressure. 
The residue was purified by flash chromatography (SiO* 10-15% EtOAc-hexanes) to yield 3.6 g of starting 
materia and 8.1 g (87%) of 7 as a white solid. 'H-NMR 

Example 59 

Preparation of 17p-octy»oxy-4-cholesten-3^ne 




The compound of Example 56, prepared according to the procedures described there (7.6 g, 17.1 mmol) 
was mixed with acetic acid (75 mL). H 2 0 (25 mL) and THF (50 mL). The resulting mixture was heated at 80°C 
for 5 h concentrated in vacuo, mixed with toluene and reconcentrated under reduced pressure. The residue 
was purified by flash chromatography (StO* 15% EtOAc-hexanes) to yield 6 g (87%) of 8 as a colorless oil. 
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Example 60 

Preparation of 17p-(4-methylpenty(oxy)-4-chole3terv3-ooe 



10 



15 



30 



35 




The title compound was prepared by substantially following the procedures described in Example 59. 
20 (87%). 'H-NMR, IR, MS. Anal. (Cj^Os) C, H. N 



Example 61 

Preparation of 4a-(2-propenyl)-17|)-pentyloxycholestan.3-one 




pC,H 1t 



(10) 



Ammonia (35 mL) was condensed into a flask containing lithium metal (0.2 g. 29 mrnol) under argonby 

a WflSi STwii was removed and stirred for 10 min. Isoprene (2 mL). was added and the 
in THF (15 mL). I ne cowing dbu. w . /3 6 o 30 mrnol) was added and stirring continued 

Sraphy (SiOz. .10-18% EtOAchexanes) to yield 0.94 g (24%) of 10 as an oil. 1 H-NMR 
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Example 62 

Preparation of4a-(2-propenyl)-17p-octy1o)cycholestan-3-one 




9^7 



(11) 

Ammonia (25 mL) was condensed into a flask containing lithium metal (0.3 g, 44.2 mmoi) under argonby 
immersing it in a dry ice/acetone bath. Cooling was continued with , stirring ifoMO n^n before add "8 *yTHF 
(20 mL) followed by a solution of the compound of Example 59 (5.9 g, 15 mmol) and (270 uL, 15 mmoi) 
in THF (20 mL). The cooling bath was removed and stirring was continued for 15 min. Isoprene (2 mL). was 
added and the reaction mixture stirred for 10min then recooled to -78. Ally, bromide (9 1g. 75^ 
and stirring continued for 8 min before quenching with NH 4 CJ (5 g, 94 mmol) and H 2 0 (10 mL). Bnne was added 
and the organics extracted with EtOAc. dried over MgS0 4 and concentrated ^^"^^^^^ 
which was purified by preparative siica gel HPLC (5% EtOAc-hexanes) to yield 1.72 g (26%) of 11 as an oil. 

1 H-NMR 
Example 63 

Preparation of 4a-(2-propenyl)-17M4-methylpentyloxy)cholestan-3-one 




I H 



1 



(12) 



By substantially following the procedures described in Example 61. the title compound was prepared, 
(yield: 42%) 
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Example 64 

Prearation of (3a, 4a, 5a)-17-(penty)oxy)-4-<2-propenyl)androstafv3-o» 



10 



15 



20 



25 




Z H 



1 



(13) 



To a solution of the compound of Example 61 (400 mg. 1 mmol) in dry THF (30 mL) under argon at 78°C 
was ^EEESZ*. (2^U 2 mmol, 1 M in THF) dmpwise. The coding bath was removed and the re- 
!^7m^« v«ss*red at ambient temperature overnight Cooled in ice bath, then quenched with H z O (0.18 
3fSJS SSTwT Sjluae mL) and 5 N NaOH (0.5 mL). concentrated in vacuo, and theresidue 
£ STh E^d^Se^anic layer was dried over MgSO, and concentrated under reduce. Pre* 
^ to an oi which was purified by flash chromatography (SiO, 5% EtOAc-hexanes) to yield 1 96 mg (24%) 
of 13 as a white solid, mp 74-75'C. 'H-NMR, IR. MS. Anal. (C^OJ C, H. N. 




To a solution of the compound of Example 62 (.6 g. 1.4 mmol) in THF (10 mL) and EtOH (10 £ room 
To a solution a nine stirring for 2 h. the reaction was quenched with 1 N 

50 ^^xZ^^^J^^^ solid wa 9 s partitioned between 2 N NaOH and E^a 
HCI (3 mL) y n J^"r~ SQ4 ^ conce^ated under reduced pressure to an o9 which was punf .ed 

60-C. Anal. (C^O,) C. H, N. Also recovered was 340 mg of the equatonal isomer. 3B-ol. mp 103-105 C. 
55 Anal. (CjoHaCy C. H. N. 
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Example 66 

Preparation of (3a,4aV17-[(4^thylpenty«)oxyM-(2-propenyl)androstarv3^ 



10 



16 



20 



25 



30 




Z H 



1 



(15) 



By substantially following the procedures described in Example 64. the title compound was prepared, 
(yield: 87%). mp 68-71°C. 1 H-NMR. IR. MS. (CmH^Oj) 

Example 67 

Preparation of (3o,4a>-17-(3-phenylpropoxyH-(2-propenyl)androstarv3-ol 



OTBS 




45 



50 



Testosterone (22.38 g. 77.6 mmd). imidazole (13.2 g. 194 mmol) and t-butyldimethylsilyl (TBS) chloride 
(17 6 g. 117 mmd) were combined with dry DMF (150 mL). and the mixture stirred at room temperature over- 
night The reaction mixture was quenched with H 2 G and extracted with EtOAc The o^c lay^r w^^shed 
with h 2 0 3 times and brine 3 times, dried over MgS0 4 and concentrated under reduced pressure to yield 30.5 
g (>100%) of 16 that was used without further purif ication. 



55 
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(17) 



B. 

Ammonia (25 mL) was condensed into a flask containing lithium metal (1.2 g, 167 mmol) under argon by 
immersing it in a dry fee/acetone bath. Dry THF (50 mL) was added and cooling continued whie stirring for 5 
min before adding a solution of 16 (30.5 g. 75.9 mmol) and t-butanol (5.7 mL, 61 mmol) in THF (125 mL). The 
cooling bath was removed and the reaction mixture stirred for 5 min. AJlyi bromide (29 g. 239 mmol) was added 
followed by isoprene (10 mL) and stirring continued for 30 min. The reaction mixture was quenched with NH4CI 
(10 g 187 mmol) and H 2 0. and extracted with EtOAa The organic layer was dried over MgS0 4 and concen- 
trated under reduced pressure to an oa that was purified by preparative silica gel HPLC (2% EtOAchexanes) 
to yield 15.5 g (35%) of the desired compound (17) as an oO. 1 H-NMR 



/ 
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C. 



To a solution of 17 (15 g, 34 mmot) in dry THF (60 mL) under argon at -78°C was added K-Selectride®, 
(68 mU 68 mmot, 1 M in THF) dropwise. The cooling bath was removed and the reaction mixture was stirred 
at ambient temperature for 48 h. The reaction mixture was cooled in ice bath, then quenched with 5 N NaOH 
(15 mL) and 30% H£> 2 (15 mL). The cooling bath was removed and the reaction mixture stirred at ambient 
temperature for 1 h. The reaction mixture was concentrated under reduced pressure, mixed with brine and ex- 
tracted with EtOAc. The organic layer was dried over MgS0 4 and concentrated under reduced pressure to an 
oil which was purified by preparative sitae gel HPLC (5% EtOAc-hexanes) to yield 10.57 g (70%) of 18 as a 
white solid. 
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D. 

To a solution of 18 (10 g, 22.4 rrenol) in CHjCfe (50 mL) was added 3,4-dihydro-2H-pyran (5.7 g, 67.3 mmol) 
and pyridinium p-tohienesulfonate (0.6 g, Z4 mmol) and the reaction mixture stirred at room temperature over- 

5 night The mixture was concentrated under reduced pressure and partitioned between EtOAc and Hfi. The 
organic layer was washed with Hfi then brine, dried over MgS0 4 and concentrated under reduced pressure. 
The residue was mixed with THF (50 mL) and treated with tetra-n-butyl ammonium fluoride (112 mL, 112 mmol, 
1 M in THF) at 60°C for 16 h. The mixture was concentrated under reduced pressure, mixed with hexanes/ 
EtOAc (1/1) and washed with H2O several times. The organic layer was dried over MgS0 4 and concentrated 

10 under reduced pressure to give an ofl which was purified by flash chromatography (SKD 2 , 10-15% EtOAc- 
hexanes) to yield 9 g (97%) of 19 as an oil fTHP" is tetrahydropyran-4-yl). 




E. 

To a flask containing potassium hydride (96 mg, 2.5 mmol) and dry THF (5 mL) under argon was added a 
40 solution of 19 In THF (10 mL). This mixture was cooled to 0°C and diluted with DMF (3 mL) before adding 1- 
bromo-3-phenyl propane (0.48 g. 2.5 mmol) as a neat liquid all at once. The cooling bath was removed. After 
stirring overnight at ambient temperature, the reaction was quenched with H2O and extracted with EtOAc. The 
extracts were washed with brine then concentrated under reduced pressure. The resulting oil was mixed with 
acetic acid (5 mL). HzO (2 mL) and THF (5 mL). This mixture was heated at 80°C overnight then concentrated 
45 under reduced pressure. The residue was purified by flash chromatography (SiO* 5% EtOAc-hexanes) to yield 
150 mg (86%) of 20 as a solid, mp 108-109°C. 1 H-NMR, IR, MS. (CaiH^Oj) 



50 
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Example 68 

Preparation of (3a.4aH7-(phenytri»tho^ 



5 



10 



15 




25 (21) 

by substantially following the procedures of Example 67. the title compound was prepared, (yield 
146-147°C. 'H-NMR. IR. MS. Anal. (CjbHoOz) C. H, N 

30 

Example 69 

Preparation of (3a.4oih17-[(4,4^imethylpentyl)oxyH-(2-prDpenyl>-androstan-3-ol 




S 

55 

(22) 



70 



5 



10 



15 



20 



25 
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By substantially following the procedures of Example 67. the title compound was prepared (yield: 98%). 
mp 139-141»C. 'H-NMR. IR. MS. Anal. (CaHwOj) C. H. N 

Example 70 

Preparation of (3a,4a)-17-(btJtoxymethyl)-4-(2-propeny1)androstarv3-ol 




OH 



(24) 



Bromine (18 g. 113 mmol) was added dropwise to a solution of NaOH (33.3 g. 832 mmol) in H,0 (300 mL) 
at -5'C. The mixture was stirred for 15 min at -5-C then drtuted with cold (12»C) dioxane. The resulting «**on 
was immediately added to a stirred mixture of progesterone (20 g. 64 mmol), doxane (1.1 L) andl Hfi (310 
™ at 8'C. After stirring for 4 h whle keeping the temperature below 10-C. the mixture was heated to reflux 
and a solution of Na^O, (1 0 g. 79 mmol) in Hfi (1 00 mL) was added. The mixture was neutralized wrth cone 
Ha sCLTcoCedTo^ temperature, and extracted w*h EtOAc. The extracts were ™™^"**™> 
and partitioned between 1 .4 N NaOH (550 mL) and EtOAc. The aqueous layer was washed wrth EtOAc. aadj- 
f ied with cone HCI and extracted with EtOAc The extracts were dried over MgSO, and concentrated under 
reduced pressure to afford 17.68 g of 24 as an off-white solid (88%). 'H-NMR 



40 




(25) 



B. 

Red-AI® (81 mL. 275 mmol. 3.4 M in toluene) was added dropwise to a solution of 24 (14.69 g. 46 mmol) 
so in THF (500 mL) under argon at 0°C. The cooling bath was removed After stirring at arnbienttemperature for 

2hThere^ 

^eralttS Theco^ 

to yield 13.64 g (98%) of a solid. 1 H-NMR 
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(26) 



c. 



To a mixture of 25 (1 3.3 g. 44 mmol) and CHCI 3 (500 mL) was added MnO, (66.5 g. 0.74 mol). The reaction 
was stirred overnight at room temperature then concentrated to half its original volume ™'« n * u ^J™^. 
using a 55°C water bath. The mixture was filtered through Ceiite and concentrated to y,eld 13.3 g (quanutauve) 

Of 26. 1 H-NMR 



OTBS 




(27) 



The compound 26 (13.3 g. 44 mmol). imidazole (7.48 g. 110 mmol) and t-butyld^thyls^ (TK) chlonde 
(10 g. 66 mmol) were combined with dry DMF (30 mL)and stirred at room temperature for 72 : luTN paction 
mixSre was guenched with H,0 and extracted with EtOAc. Theorganic layer was w^hed wjh HgM^J 
<* Hm«o dried over MoSO* and concentrated under reduced pressure to yield 17g of anofl.This material 
w^r^bJ^hTro^raphy (SiO* 5-15% EtOAc-hexanes) to yield 10.42 g (57%) of 27 as an oil that 
crystallized on standing. 1 H-NMR 
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OTBS 



1 



(28) 



E. 

Ammonia (25 mL) was condensed into a flask containing lithium metal (0.42 g, 61.3 mmol) under argon 
by immersing it in a dry fee/acetone bath. Cooling was continued with stirring for 10 min before adding dry 
THF (20 mL) followed by a solution of 27 (10.2 g, 24.5 mmol) and t-butanol (1.4 mL, 14.7 mmol) in THF (20 
mL) The cooling bath was removed and the reaction mixture and stirred for 10 min. The reaction mixture was 
cooled to -78°C and isoprene (5 mL) added. The reaction mixture was stirred for 10 min before adding ally! 
bromide (8.9 g, 74 mmol). Stirring was continued for 15 min then quenched with NH4CI (10 g, 187 mmol) and 
HjO and extracted with EtOAc The organic layer was dried over MgS0 4 and concentrated under reduced pres- 
sure to an oil which was purified by flash chromatography (SiO* 2.5% EtOAc-hexanes) to yield 2.14 g (19%) 
of 28 as an oil. 1 H-NMR 
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F. 



to 



(3cw4aM7HE(1. Mh ^liy^ 

To a solution of 28 (2 g. 4.4 mmol) in dry THF (20 mL) under argon at -78«C was added K-Seiectride® (2 
mU 2 mmol, 1 M in THF) dropwise. The cooling bath was removed and the reaction mixture stirred at ambient 
temperature for 36 h. After cooling in an ice bath, the reaction mixture was quenched with 5 N NaOH (3 mL) 
and 30% HjOj (3 mL). The cooling bath was removed and the reaction mixture stirred at ambient temperature 
for 1 h The reaction mixture was concentrated under reduced pressure, mixed with brine and extracted with 
EtOAcl The organic layer was dried over MgS0 4 and concentrated under reduced pressure to an oil that was 
purified by flash chromatography <Si0 2 , 5% EtOAohexanes) to yield 1.09 g (54%) of 29 as a white solid, mp 
160-161°C. 



15 



20 



25 



30 



THPO 




35 



(30) 



40 



45 



G. 

To a solution of 29 (1 9. 2.2 mmol) in CHjCI, (30 mL) was added 3.4-dihydn>2H-pyran (0.6 g. 6.6 mmol) 
and pyridinium p-toluenesulfbnate (55 mg. 0.22 mmol). The reaction was stirred at room temperature overmght 
concentrated under reduced pressure, and partitioned between EtOAcand Hfi. The orgaroc layer was washed 
with H 2 0 and brine then dried over MgS0 4 and concentrated under reduced pressure. The res .due was m«ed 
with THF (25 mL) and treated with tetra-cvbutyi ammonium fluoride (11 mL. 11 mmol. 1 M in THF) at room tem- 
perature for 2 h: The reaction was concentrated under reduced pressure, mixed with hexanes/EtOAc (1/1) and 
washed withHjO several times. The organic layer was dried over MgS0 4 and concentrated under reduced pres- 
sure to give an oil that was purified by flash chromatography (SiO* 10-15% EtOAc-hexanes) to yield 0.9 g 
(95%) of 30 as an oil. (THP is tetrahydropyran-4-yl) 'H-NMR 
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(31) 



To a flask containing potassium hydride (0.19 g. 4.75 mmoO and dry TH ' (5 mL) ^ «J™ 
a solution of 30 in THF (5 mL). This mixture was cooled to 0°C before addmg butyl bromide (0.64 g, 4.6 rnrnol) 
L a^eat S allat once and removed from the cooling bath. After stirring for 1 h at amb^nt^^rature. 
t^ reaX mbdure was quenched with brine and extracted with EtOAc The extracts were washed w,th bnn* 
d^ve^lXthen Icertrated under reduced pressure. The resulting oil was punhed by flash chroma- 
tography (SiOj. 2.5% EtOAc-hexanes) to yield 355 mg (81%) of 31. 




O-C4H9 



(33) 
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(3a,4a)-17-{butoxymethylH-(2-propenyOandrostBn-3-ol 

Intermediate 31 (300 mg. 0.6 mmol) was mixed with acetic acid (4 mL). Hfi (1 mL) and THF (1 mL). The 
mixture was heated at 60°C for 4 h then concentrated under reduced pressure. The re^d^ was punf by 
Sialography (SK^1%EtOAc-hexanes)to yield 198 n^(82%)of33 M 

|R.MS.Arwl.(C 2r H 44 O 2 .0.22H 2 O)C,H.N 



m Example 71 

Preparation of (3o.4a)-17-[(heptyloxy)methylJ-^C2-propenyl)androstan-3-ol: 




0-C 7 H,s 



35 



(32) 



Toaflask containing potassium hydride (0.19g. 4.75 n^) a " dd ^™ F < 10 ^> Un ^^"^" d ^ 
a solution of 30 prepared acconling to the procedures described in Example 70. AthroughG, m i THF (10mL) 
Thb mLre wascooled to 0-C and diluted with DMF (5 mL) before adding hep*. brom.de (0JB3 9^6 mmoO 
as a neaTliquid all at once. The coding bath was removed. After stirring for 48h at amb.ent temperature tt» 
reason mSture.was quenched with brine and extrected with EtOAc. The extoacte were^s^thbnne^ 
dried over MgSO* then concentrated under reduced pressure. The resulting oil was purified by flash chroma- 
tography (SO* 2.5% EtOAc-hexanes) to yield 436 mg (92%) of 32. 



50 



55 



76 



EP0 562 849 A2 




OC 7 Hi 5 



B. 



(34) 



(3a,4aMH(heptyloxy)nKithtf^ 

intermediate 32 (330 mg. 0.63 mmol) was mixed with acetic acid (4 mL). (1 mL) and THF (2 mL).The 
mixture was heated at 80«C overnight then concentrated under reduced pressure. The residue was punf led 
by flash chromatography (SiO* 1-5% EtOAchexanes) to yield 238 mg (86%) of 34 as a solid, mp 62-64«C. 
1H-NMR. 1R, MS. (CjoHs^J 

Example 72 

Preparation of 4a-4-(2-propenyl)cholestan-3-one 





(36) 
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By substantially following the procedures described in Example 67, step B and starting from 4-cholesten- 
3-one, the title compound was prepared. (Yield: 16%). 1 H-NMR, IR. MS. (CjoHgpO) 

Example 73 

Preparation of 4a-2-(hydroxymethylene)^2-propenyl)crK)lestarv3-one 

V. 



10 



IS 



20 



25 




mm 

\ 



30 



(37) 

Sodium hydride (1 .6 g. 41 mmol. 60% oil dispersion) was washed with hexanes under argon and mixed 
with toluene (50 mL). To the mixture was added a solution of the compound of Example 72 (3.5 g. 8 2 rnmol 
Ttlene (50 mL) followed by ethyl formate (5.6 mL). The reaction mixture was shrre^ I ovem^ht atamb»rt 
temperature then quenched with H,0 (5 mL). To the reaction mixture was added 1 N HCI (50 mL) and then 
fhTSie exuded with EtOAc. The extracts were washed with 1 N HO and brine and dried over MgS0 4 . 
T^rr e ^ ^n^ltSTnde, reduced pressure to give 3.6 g (97%) of 37 as an oil that crystal on 
standing, mp 84~94"C. 1 H-NMR 
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Example 74 

Preparation of (4aV2-(4-mofpMiny1methyteneH-(2-propeny0cho)estaiv3-one 
-0. 



10 



15 



20 



25 




(38) 

Morpholine (1.8 g. 20.5 mmol) was added to a solution of the compound of Example 73 (3.1 g. 6.8 mmol) in 
30 SST (Tni) and refluxed for 2 h. The reaction was concentrated under reducec .pressure .and ^nf.ed by 
flash chromatography (SIO* 1-5% MeOH-CHCU to yield 3 g (84%) of 38 as a foam. 'H-NMR, IR. MS 

Example 75 

35 Preparation of (2a)-2-(2-propenyl)cholest-4-en-3-one. 



so 



55 




Atenml solution of 4-cholesten-3-one (500mg,1.30 mmol) in dry THF was added dropwise toaten millliter 
solu^ol^^ 

S^min before it wis treated with ally, iodide (238 mU 2.60 mmo£ ^,7^^^^ a did 
hr and then warmed up slowly to ambient temperature. Acetic acid (0.5 mL) and EtOAc (30 mL) were added 
*\T^7^eZtoZrat«i aq. NaCI (1 0 mL). The organic layer was separated, dried over MgS0 4 . 

(gradient EtOAc/hexane: 2% to 10%) to provide 422 mg (76%) of the title ' R _ ( ^ ~ 

L 1673 cnri; 'H NMR (CDCI* 300 MHz) 8 0.72 (3H. s). 0.87 (3H. d. J = 6.6Hz). 0.88 (3H. d. J - 6.6Hz). 0.92 
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«ii j , _ R cifei i 70 (3H si 0 75-1 70 (20H. m). 1.78-1.91 (2H. m). 1.98-114 (3H. m), Z20-2.48 (3H, m). 
5&7V~<5?5 SwSflS w dK d. J - 1.0Hz), and 5.75-5.88 (1H. m); FDMS: 424 <*); Ana.. 
Calcd for CwHwO: C, 84.84; H, 11.39. Found: C. 84.64; H. 11.53. 

s Example 76 

Preparation of (2a, 5a)-2-<2-propenyl)cholestan-3-one. 




25 



30 



35 



i »hk,m chio (24 6 mo 3 54 mmol) and a glass-coated stir bar were placed in a flame-dried, three-necked. 

Jd-t^f^^^ 

the fiask -t . 78 »C to form a deep blue solution, and then followed by the addition of onr WOS mL)- 

resultant Nue solution was stirred for 5 min before it was oecoiunwsu wu ^ . remove d 

mUUIiter of saturated ao, NH.C. was carefully added f^^S^^lSS to s aZeT at 
anothem^was^^ 

Sd^Zn^exane: 50% to 100%). 407 mg (94%) of the d 1 6 S 

2929 and 1711 cnr'; NMR (CDd* 300MHz) 8 0.69 (3H. s). 0.88 (6H. 4 J - ""J; V^'J^ 5 „ • m2' 
fu?(3H. a). oWlS (29H. m). 2.29-2.50 (2H * UMLff : fl* f^™^^ ^ 
m); FDMS: 427 (M-+1); Anal. Calcd for C^HayO: C. 84.44; H. 11.81. Found. C. 84.72. H. ll.bb. 

Example 77 

This Example illustrates the preparation of compounds of the invention having a pharmaceutical* active 
substituent at the 2 position of the sterol nucleus. 

Preparation of (2a. 3a, 5a)-2-{2-properiy1)cholestan-3-ol. 



50 



55 




This Example illustrates the preparation of compounds of the Invention having pharmaceutical^ active 
substituents at the 2 position of the sterol nucleus. 
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K-Selectride (23.6 mL, 1M in THF) was added to a stirred solution of (2a, 5a)-2-(2-propenyl)cholestarv3-one 
(5.03 g. 11.8 mmol) in dry THF (100 mL) at -78°C under argon, and the resultant yellowish solution was then 
stirred at 0*C for 1h. Excess K-seiectride was carefully quenched with methanol (5 mL) and the solution was 
sequentially treated with 5N NaOH (14.1 mL 70.8 mmol) and 30% HA (7.20 mL, 70.8 mmol). The cold bath 
was removed and the mixture was stirred for 4h. Acetic acid (5 mL) and and EtOAc (100 mL) were added the 
mixture and then it was washed with saturated aq. NaCI (20 mL x 2), dried over MgS0 4 . f Btered and concerv 
trated. The residue was subject to flash chromatography on silica (gradient toluene/hexane: 40% to 100%) to 
provide 3.92 g (77%) of the title compound, which was recrystallteed from Et^/CHsCN. mp: 72.0-73.5°C; IR 
(KBr) 3376 and 2931 cnr<; *H NMR (CDCI* 300MHz) S 0.66 (3H. s), 0.80 (3H, s), 0.87 (3H, d, J = 6.6Hz). 0.88 
(3H d J = 6.6Hz). 0.91 (3H. d. J = 6.5Hz). 0.65-1.70 (29H. m), 1.75-1.90 (1H, m). 1.95-2.06 (2H. m), 2.09- 
2.21 (1H. m). 3.89 (1H, br s), 5.00-5.12 (2H. m) and 5.76-5.91 (1H, m); FDMS: 429 (M*+1); Anal. Calcd for 
C^oHaO: C, 84.04; H, 1Z22. Found: C, 83.97; H, 12.40. 



15 



20 



30 



35 



40 
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Example 78 

Preparation of (2a, 5a>«2-[(^fluorophenyl)methyf]cholestan-3-one. 




NaN(TMS)2 (1.83 mL, 1M in THF) was added dropwise to a stirred solution of 5a-cholestan-3-one (545 
mg 1 41 mmol) inlOmLof dry Wat-78Cunderargon, and there 

it was treated with a 5 mL of THF solution containing 4-f luorobenzyl iodide (499 mg, 2.11 mmol). The suspen- 
sion was stirred at -78C for 12h, and then allowed to warm up to ambient temperature. Acetic acid (0.5 mL) 
and EtOAc (30 mL) were added to the mixture before it was washed with saturated aq. NaCI (10 mL x 2), dried 
over MgS0 4 , fitered and concentrated. After flash chromatography on silica (gradient tduene/hexane: 50% 
to 100%) 424 mg (61%) of the title compound was obtained as a white solid, which was crystallized from 
EUO/CH3CN. mp: 131.0-132.5'C; IR (CHCI3) 2928, 1712, 1509 and 1217 cnr'; 'H NMR (CDCI,, 300MHz) 6 

0 65 (3H, s). 0.88 (6H. d, J = 6.6Hz), 0.89 (3H, d. J = 7.0Hz), 0.99 (3H, s), 0.64-2.02 (27H, m), 2.10 (1H. dd. J 
= 14 0 and 3.6Hz). 2.28-2.41 (2H. m), Z50-2.64 (1H. m), 3.22 (1H. dd, J = 14.0 and 5.0Hz). 6.90-7.00 (2H, m) 
and 7.07-7.15 (2H. m); FDMS: 495 (MM); Anal. Calcd for C34HS1FO: C. 82.54; H, 10.39. Found: C, 82.80; H. 

1 ° ^By following the procedures described above in Example 77. the compound of Example 79 was prepared). 
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Example 79 

Preparation of (2a, 3a. 5a>-2-t(4-fluorophenyl)methylJcholestan-3-ol. 




This Example illustrates the preparation of compounds of the invention having pharmaceutically active 
substituents at the 2 position of the sterol nucleus. (2a, 5a)-2-[(4-Fluc<opheny()methyl]cholesten-3^ne > (213 
mg 0.431 mmol). K-selectride (647 mL. 1M in THF), 5N NaOH (388 m L. 1.94 mmol) and 30% (198 mU 
1 94 mmol) provided 156 mg (73%) of the title compound as a white solid, which was recrystallized from 
EUO/SSj mp: 148.5-150 5«C; |R (KBf) 3622. 2931. 2869 and 1509 air*; 'H NMR (CDCI,. 300MHz) 8 0.65 
<3H S) 0 76 (3H. s). 0.88 (6H. d. J = 6.6Hz). 0.91 (3H. d. J = 7.0Hz). 0.90-1.90 (30H. m). 1.97 (1H. br d, J = 
5 2.49 ( (1H. dd. J = 5 3 .5 and 6.6Hz). 2.68 (1H. dd. J = 13.5 and 8.6Hz). 3.71 (1H. s). 6.90-7^02 (2H, m) 
and 7.10-7.20 (2H. m); FDMS: 497 (M*+1); Anal. Calcd for C^FO: C. 82.20; H. 10.75. Found: C. 82.33; H. 
10.93. 



Example 80 




5 H 



Preparation of (3p.4a.5a,20B)-4-(2-propenyl)cholestan-3-ol 



A mixture of 10g (0.0235 mole) of 4a-4-(2-propenyl)cholestan-3-one. 4.4g (0.117mole) ofeodhim borohydr- 
ide 25ml of methanol, and 50ml of tetrahydrofuran was heated to reflux for 10hfs. The reacbon m.xture was 
cooled with an ice bath and quenched with 50% acetic acid(aq). The reaction was concentrated ,n vacuo and 
taken up in ethyl acetate.washed with saturated sodium bicarbonate (aq.) solubon. The orgamdayer was dned 
with MgS0 4 , filtered, and concentrated in vacuo. The crude isomeric mixture was separated and P™f ied by 
preparative HPLC (gradient 0-10% ethyl acetate: hexanes). Two major products were formed. (3a.4a.5a)-4- 
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10 



16 



<2-propenyl)cholestan-3-ol and (3B,4a,5a,20B)-4-(2-prope nyi)cho)estan-3-o». The fractions containing 
(3p.4o.5o^OpH-(2-propenyt)cholestan-3^l were combined and 72g of (3p.4o,5a.20pH-(2-piopeny1)chole- 
stan-3-ol was isolated. 
M.S.(FD)MH* = 429 



Bern. Anal. CjoHqO 




Calc'd 


Found 


C 


84.04 


84.20 


H 


12.23 


12.04 



1H NMR (CDCI 3 ) d 3.35<m, 1H. H-COH) 4.98-5.15 (m, 2H Hfi=CH) 5.79 
-5.95 (m, 1H, -HOCHj) 

Example 81 



20 



30 



<r HN i = 

s H 




* Preparation of N-[(3a,4<i,5a,20pH-(2-propen y 1)cho)estan-3-6nacetamide 

A 3.0a (6.79 mmole) mixture of (3a, 4a. 5a, 20PH-(2-propenyl) cholestan-3-amine and (3B. 4<^5a.20B>- 
4-(2-pmpenyl)cholestarv3-amine was combined with 1.6 ml (17:0 mmole) of acebc anhydnde, 3^ml (33.9 
mmole) of pyridine, and 40 ml of toluene. The reaction mixture was heated to refuxfor 1hr. The reaction mixture 

* Z^nWted in vacuo, and the residue was purified by preparative HPLC (gradient of 1 5-50% ethyl acet- 
ate:hexanes). The correct acetamide isomer (LY306873) was isolated to yield 1 .38 g. 

!hn?<0>CU 8 7 2.01(s, 3H. H,CCON). 4.18(br s. 1H. H-CNH) 4.92-5.01(m. 2H. H 2 OCH) 5.65(br s. 1H. 
HN-CO) 5.70-5.85(m. 1H, HC=CHj) 
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Example 82 




Preparation of (3a, 4a, 5a)-3^(1,1^imethylethy1)dimeth^ cholestane 

Artiixtureof3.0gof(3a,4a,5a^ 
ide (8.5 rnmoJe), and 0.578 g of imidizoJe (8.5 mmole) in 20 ml of dimethytformamide was stirred for 10 hours 
at room temperature. The reaction product was then poured Into 75 ml of water, and product extracted with 
diethyl ether, dried over NajSO* f fltered, and concentrated m vacuo to yield an ol. The oil was then dissolved 
in 100 ml of hexane and fltered though a silica geJ pad and concentrated in vacuo to yield 3.34g (88.8%) of 
(3a, 4a, 5a^3-Q1,1dimethy1ethy1)dinie^ cholestane. 
M.S. (FD) MrT = 543 



Bern. Anal. C^HwOSi 




Calc'd 


Found 


C 


79.90 


79.63 


H 


12.53 


12.25 



iH NMR (CDCI,) 6 0.0 (m, 6H. (CH3)2-Si), 0.89 (s, 9H, (CHjJsC-Si) 
Example 83 



TBDMSO 




i H 



Y 

O 
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Preparation of (3a, 4a. 5a>-3-a(1.1^^ethytethy1)dimethy1siVlo X y]crK^estan^ac8taldehyde 

Ozone was bubbled through a solution of 20g of (3c, 4a. ^llt 1 ' 1 ^^^^^^ 
(2-p^eny.) cholestane (36.6 mmole) in CH,CI 2 at -78'C unti the reaction became dark 

5 wasTred for 30 minutes at -78'C. N, was bubbled through the reaction until the color d«ss ip ated and 24 g 
cTmSXsphine (92.2 mmole) was added to the reaction. The rnixture ^^o^htw,^ 
Z^L. 3h nJLed The eaction was concentrated in vacuo, and the crude product was purified by prepa- 
SSES (TeC -^res) yfclding 15.5g (77.5%) o.<3o.4a. Sa^d.^imethytethyijdime- 
thylsilyf]oxy]cholestane-4-acetaldehyde. 

10 M.S.(FD)MH*=545 



15 



30 



Elem. Anal. C35H6402Si 
Calc ' d Found 

C 77.14 77.34 
H 11.84 11.91 



20 'H NMR (CDCW 8 9.81 (s, 1H. H-C=0) 
Example 84 



TBDMSO**'' i = 
2 H 




X 



45 



SO 



Preparation of (3c 4a, 5«H^if.uor^^ 

To « chilled solution (-78'C) of 0.70g of difluromethyldiphenyl phosphine oxide (3.50 mmole) in THF. 2.4 

T m ^ « THF Jas ad<£ JmpXand the cooling bath was removed. The reaction was Stir- 

™5«H-(3>difluoro-2-pro^ 

M.S.(FD)MH*576 rol 

iH NMR (CDCI3) 8 3.93(s. 1H. H-COTBS) 4.08-4.21 (m,1H. H-C=CF2) 
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Example 85 
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25 

Preparation of (3a, 4a, 5a, 20pH-<3,3-dinuoro-2-propenyl) cholestan-3-ol 

To a solution of 100mg of (3a, 4a, Sa^S^drfluoro^-properryO-S-ffi^^ 

sDysloxylcholestane in 10 ml of CrijCI* 1 ml of boron trifluoride etherate was added. The solution was stirred 
30 for 1 0 hr*s at room temperature. The reaction was concentrated in vacuo, and residue dissolved in diethyl ether 
and washed with saturated sodium bicarbonate solution (aqueous). The organic layer was dried over MgS0 4 , 
fltered, and concentrated fn vacuo. The crude product was purified by chromatography (10% ethyl acet- 
ate: hexanes) to yield 81 mg of (3a, 4a, 5a, 20pH-(3.3-difluoro-2-propenyl) cholestan-3-ol. 
M.S. (FD) MhT = 465 



35 



40 



Bern. Anal. C^JH^F^ 




Caic'd 


found 


C 


77.53 


77.77 


H 


10.85 


11.07 



1H NMR (CDCW 8 3.91 (s, 1H, H-COH) 4.12-3.21 (m, 1H, H-OCFj) 
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ExmaptelBg 



5 



10 



15 




Preparation of (3a.4o,5a,20pH-{2-propenyl) cholestan-3-amine. 

25 

A mixture of 4.0 g of (4a, 5a)-4-(2-propeny<)cholestaiv3-one (9.37 mmole), 7.2 g of ammonium acetate 
(93.7mmole), 3.3g of sodium cyanoborohydride (52.6 mmole) 3A° molecular sieves. 25 ml of methanol, and 
50 ml of 7HF was stirred for 10 hours at room temperature. The reaction mixture was then poured over fuller's 
earth and the f fltrate was concentrated in vacuo . the residue was taken up in 5% NaOH and the product was 
30 extracted with diethyl ether. The organic layer was dried over MgS0 4 , filtered, and concentrated m vacuo, the 
product was purified by chromatography (9:1 Dichloromethane: Methanol) to yield (3a,4a.5a.20p)-4-(2-prope- 
nyl) cholestan-3-amine. 

M.S. (FD) MH* 428 



35 



Elem. Anal. C^H^N 




Calc'd 


Found 


C 


84.24 


84.02 


H 


1Z49 


12.48 


N 


3.27 


3.14 



iH NMR (CDCI 3 ) 6 3.62 (br s. 1H, H-CNHJ 
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Example 87 
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20 




Preparation of (3a, 4a, 5a, 20p)^propy1cr>olestart-3-ol 

25 

A mixture of 2 g of (3o,4a,5a)-4-(2-propenyl)cholestafv3-ol (4.67mmole) and 0.320 g of 5%Pd/C in 1 00ml 
of ethyl acetate was subjected to 60 psi of hydrogen at room temperature for 8 hours. Filtration of the reaction 
mixture over Fuller's earth followed by evaporation gave 1.54 g of (3a, 4a, 5a, 2O0)-4-propylchdestan-3-o1. 
M.S. (FD)MH* = 430 



30 



35 



Bern. Anal. CgoH^O 




Calc'd 


found 


C 


83.65 


83.80 


H 


12.64 


12.62 



'H NMR (CDCL 3 ) 5 3.92(s, 1H, H-COH) 
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Example 88 

Preparation of (4a, 5a)-4-<2-met hyl-2- propenyi)cholestan-3-one. 




20 

This example illustrates the preparation of a 3- position ketone useful as an intermediate for preparing the 
compounds of the invention. 

Lithium chip (32.5 mg, 4.68 mmoi) and a glass-coated str bar were placed in a flame-dried, three-necked, 
round-bottomed flask fitted with a dry ice condenser under argon. Forty mlliliters of liquid ammonia was col- 

25 lected in the flask at -78°C to form a deep blue solution, then followed by the addition of dry THF (25 ml). A 
fifteen-millBiter solution of (+)-4-cholesten-3-one (600 mg, 1.56 mmol) and t-BuOH (0.147 mL, 1.56 mmol) in 
dry THF was added dropwise to the deep blue solution. Upon completion of the addition, the resultant blue 
solution was stirred for 5 min before it was decolorized with a few drops of 1,3-pentadiene. Methallyf iodide 
(0.480 mL, 4.67 mmol) was added to the white suspension and the resultant mixture was stirred at -78°C for 

30 3h. Methanol (1 mL) and saturated aq. NH4CI (1 0 mL) were carefully added to the white suspension. The cold 
bath was removed and the mixture, with the evaporation of ammonia, was allowed to warm up to ambient tem- 
perature. Ten milliliters of safd aq. NaCI was added to the mixture before it was extracted with EtOAc (30 mL 
x 2); the combined organic layers were washed with safd aq. NaCI (10 mL). dried over MgS0 4 . filtered and 
concentrated. After flash chromatographic separation on silica (gradient ethyl acetate/hexane 4% to 6%), 212 

35 mg (31 %) of the title compound was obtained as a white solid, which was recrystallized from Et 2 0/CH 3 CN. mp: 
104.0-105.5°C; IR (KBr) 2950 and 1712 cnr<; 1 H NMR (CDCI* 300MHz) 6 0.69 (3H, s), 0.88 (6H, d, J = 6.6Hz), 
0.92 (3H f d, J = 6.5Hz) f 1.08 (3H, s), 1.71 (3H, s), 0.65-1.90 (24H, m), 1.95-2.20 (4H, m), 2.30-2.60 (4H, m), 
4.61 (1H, s) and 4.73 (1H, s); FDMS: 440 (M*); Anal. Calcd for C^H^O: C. 84.48; H, 11.89. Found: C, 84.43; 
H, 11.68. 
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Example 89 

Preparation of (3a ? 4o,5a)^(2HTiethyW2-propenyi)cholestar>-3-ol. 




HO I H 




K-SeJectride (0.368 mU1 M in THF) was added to a stirred solution of <4aM-<2-met hyf-2-propenyl)chole- 
stan-3-one (108 mg, 0.245 mmol) in dry THF (4 mg^ar^y^SHindei^ gon. and the r esultant yellowish solution 
was then stirred at 0°C for 1h. Excess K-seiectnde was carefully quenched with methanol (0.5 mL) and the 
solution was sequentially treated with 5N NaOH (0.220 mU 1.10 mmol) and 30% HjOj (0.113 mL, 1.10 mmol). 
The cold bath was removed and the mixture was stirred for 2h. Half-safd aq. Nad (10 mL) and EtOAc (30 
mL) were added to the mixture, the organic layer was separated, washed with half-sard aq. Nad (10 mL x 2), 
dried over MgS0 4 , filtered and concentrated. The residue was subject to flash chromatography on silica (gra- 
dient ethyl acetate/hexane 4% to 8%) to provide 85.5 mg (79%) of the title compound, which was recrystallized 
from Et 2 0/CH 3 CN. mp: 129.0-1 30.5«C; IR (KBr) 3581, 3472 and 2937 cnr'; 1 H NMR (CDCI* 300MHz) 5 0.66 
(3H s). 0.84 (3H. s). 0.88 (6H, d, J = 6.6Hz), 0.91 (3H, d, J = 6.5Hz). 1.73 (3H. s), 0.65-2.05 (32H. m). 2.20 
(1 h! dd, J = 13.3 and 4.3Hz), 3.79 (1H, br s), 4.78 <1H, s) and 4.81 (1H, s); FDMS: 443 (M*+1); Anal. Calcd for 
CatHaO: C, 84.09; H, 12.29. Found: C. 84.35; H, 12.06. 

By following the procedures described above in Example 88, the compound of Example 90 was prepared. 

Example 90 

Preparation of (4a,5a)-4-(2-chloro-2-propenyl)cholestan-3-one. 



This example illustrates the preparation of a 3-positk>n ketone useful as an intermediate for preparing 
compounds of the invention. 

Lithium chip (32.5 mg, 4.68 mmol), liquid NH 3 (30 mL^HF (30 mL). (+)-4-cholesten-3-one (600 mg, 1 




I H 
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mmol), t-BuOH (0.147 ml_ 1.56 mmol), 1 ,3-pentadiene (a few drops) and 2-chloroailyi iodide (0.500 ml) pro- 
vided 377 mg (52%) of the title compound as a white solid after stirring at -78°C for 6.5h and flash chromato- 
graphic separation on silica (gradient ethyl acetate/hexane 4% to 6%), which was recrystaliized from 
EtjO/CHaCN. mp: 1 07.0-1 09.0°C; IR (KBr) 2945, 1714, 1639 and 1467 orH; 1 H NMR (CDCI 3 , 300MHz)6 0.69 
(3H, s). 0.88 (6H, d, J = 6.6Hz), 0.92 (3H, d, J = 6.5Hz), 1.11 (3H, s), 0.70-1.65 (22H. m), 1.65-1.90 (3H, m), 
1.95-Z12 (2H, m), 2.32-Z68 (4H, m), 2.92 (1H, dd, J = 15.0 and 7.0Hz), 5.19 (1H, s) and 5.22 (1H, s); FDMS: 
460 (M*. *CI) and 462 (M+, ^Cl); Anal. Calcd for CoH^CIO: C, 78.13; H, 10.71. Found: C, 77.99; H, 10.42. 
By following the procedures described above in Example 89, the compound of Example 91 was prepared. 

Example 91 

Preparation of (3a,4a,5a>-4-(2-chloro-2-propenyl)cholestan-3-ol. 




K-Selectride (0.586 mL 1 M in THF), (4aH-(2-chloro-2-propeny1)cholestan-3-one (180 mg, 0.390 mmol), 
THF(5mL), methanol (0.15mL), 5N NaOH (0.352 mL, 1.76 mmol) and 30% HjOj (0.179 mL, 1.76 mmol) pro- 
vided 124 mg (69%) of the title compound as a white solid after flash chromatographic separation on sQica 
(gradient toiuene/hexane 60% to 100%), which was recrystaliized from Et^/CHaCN. mp: 130.0-1 31 ,5°C; IR 
(KBr) 3599, 3497 and 2933 cnr 1 ; 'H NMR (CDCI* 300MHz) 6 0.67 (3H, s), 0.86 (3H, s), 0.87 (3H, d, J = 6.7Hz), 
0.88 (3H, d, J = 6.6Hz). 0.92 (3H, d, J = 6.5Hz), 0.70-1.90 (30H, m), 1.98 (1H, brd, J = 12.2Hz). 2.33 (1H, dd, 
J = 13.9 and 10.6Hz), Z47 (1H, dd. J = 13.9 and 4.7Hz). 3.91-3.93 (1H. m) and 5.23 (2H. s); FDMS: 462 (M*. 
35CI) and 464 (M*. ^Ct). 

By following the procedures described above in Example 88, the compound of Example 92 was prepared. 
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Example 92 

Preparation of (4a,5a)^(2-bromo-2-propenyl)cholestan-3-one. 




This example illustrates the preparation of a 3- position ketone useful as an intermediate for preparing the 
compounds of the invention. 

Lithium chip (32.5 mg, 4.68 mmol), liquid NH 3 (35 mL)/THF (35 mL), (+>-4-cholesten-3-one (600 mg, 1.56 
mmoi). t-BuOH (0.147 mU 1 -56 mmol), 1,3-pentadiene (a few drops) and 2-bromoallyt bromide (0.484 mL, 4.68 
mmol) provided 70.0 mg (8.8%) of the tide compound as a white solid after stirring at -78°C for 6h and flash 
chromatographic separation on silica (gradient ethyl acetate/hexane 4% to 6%). 1 H NMR (CDQ 3 , 300MHz) 8 
0.69 (3H, s). 0.87 (3H ? d, J = 6.6Hz). 0.88 (3H f d, J = 6.6Hz) f 0.91 (3H, d t J = 6.5Hz), 1.12 (3H, s), 0.65-1.90 
(25H, m), 1.95-2.10 (2H. m) f 2.30-2.70 (4H, m), 3.01 (1H, dd, J ■ 15.0 and 7.0Hz), 5.43 (1H, s) and 5.66 (1H, 
s). 

By following the procedures described above in Example 89, the compound of Example 93 was prepared. 
Example 93 

Preparation of (3a,4a,5a)-4-(2«brorno-2-propenyl)cholestan-3-ol. 




K-Selectride (0.278 mL, 1M in THF), (4a)-4-(2-bromo-2-propenyl)cholestan-3-one (70.0 mg, 0.139 mmol), 
THF (3 mL), methanol (0.15 mL), 5N NaOH (0.167 mL, 0.834 mmol) and 30% H 2 0 2 (0.085 mL. 0.834 mmol) 
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provided 47 0 mg (67%) of the title compound as a white solid after flash chromatographic separation on slica 
(gradient tohjene/hexane 60% to 100%). mp: 144.0-147.0«C; IR (KBr) 3601. 3478 and 2931 cnr'; «H NMR 
(CDO* 300MHz) 6 0.67 (3H. s). 0.87 (3H, s), 0.88 (6H, d, J = 6.8Hz). 0.92 (3H, d. J = 6.5Hz), 0.70-1.90 (30H. 
m) 1 99 (1H. brd, J = 12.3Hz). 2.40 (1H. dd. J = 14.0 and 10.5Hz). 2.55 (1H. dd. J * 14.0 and 4.5Hz). 3.91- 
3 94 (1H. m). 5.48 (1H. s) and 5.68 (1H. s); FDMS: 506 (M*. ™Br) and 508 (M*. » 1 Br). 



Example 94 

Preparation of (14a)-stigmast-4-en-3-one. 




This example illustrates the preparation of a 3- position ketone useful as an intermediate for preparing the 
compounds of the invention. 

A suspension of ^sitosterol (30.0 g. 72.5 mmol). aluminum isopropoxide (7.40 g, 36.2 mmol) and metnyl etnyi 
ketone (97 0 mL, 1 .09 mol) in dry toluene (180 mL) was heated to reflux with stirring for 21 hours under argon. 
The mixture was cooled in en ice bath, treated with 2.5N HO (120 mL) and stirred for 30 min. The organic 
layer was separated, washed with safd aq. Nad (100 mL). dried over MgSO*. filtered end concentrated; the 
oily residue was chromatographed on silica (gradient 50% toluene/hexane to 10% ethyl acetate/toluene) to pro- 
vide 23 9 g (80%) of the title compound, which was crystallized from CHjCIj/CHjCN. mp: 73.0-75.0'C; 1 H NMR 
(CDCI,.' 300MHz) 8 0.73 (3H. s). 0.83 (3H. d. J = 6.7Hz). 0.85 (3H. d. J = 6.6Hz). 0.86 (3H. t. J = 6.8Hz). 0.93 
(3H. d. J = 6.5Hz). 1.20 (3H. s). 0.65-1.78 (21H. m). 1.80-1.95 (2H. m). 1.98-2.10 (2H. m). 2.24-2.53 (4H. m) 

Byfonowing the procedures described above in Example 88. the compound of Example 95 was prepared. 



Example 95 

Preparation of <4a.5a.14a)-4-(2-propenyl)stigmastan-3-one. 




This example illustrates the preparation of a 3- position ketone useful as an intermediate for preparing the 
compounds of the invention. 

Lithium chip (135 mg. 19.4 mmol). liquid NH, (100 mL)/THF (150 mL). (24R)-24-(ethyl)cholest-4-en-3-one 
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(2.00 g, 4.85 mmol). t-BuOH (0.366 mL. 3.88 mmol), isoprene (2 mL) and ailyl iodide (0.886 mL, 9.70 mmol) 
provided 235 mg (11%) of the title compound as a white solid after stirring at -78°C for 3h and flash chroma- 
tographic separation on silica (gradient 70% toluene/hexane to 5% ethyl acetatB/toluene), which was recrys- 
taHized from CHjCfe/CHjCN mp: 81 .0-82.0-C; 'H NMR (CDa,. 300MHz) 8 0.69 (3H. s). 0.83 (3H. d. J = 6.7Hz). 
0.85 (3H, d. J = 6.4Hz), 0.86 (3H. t, J = 6.7Hz). 0.92 (3H. d. J = 6.4Hz). 1.07 (3H. s). 0.65-1.94 (26H. m). 1.95- 
2.10 (2H, m), 2.20-2.55 (5H, m). 4.93-5.08 (2H, m) and 5.70-5.88 (1H. m). 

By following the procedures described above in Example 89. the compound of Example 96 was prepared. 




K-Selectride (0.440 mL, 1M in THF). (4a. 24R)-4-(2-propenyl)-24-(ethyl)cholestan-3-one (100 mg. 0.220 
mmol). THF (3 mL). methanol (0.20 mL). 5N NaOH (0.264 mL. 1.32 mmol) and 30% Hj0 2 (0.1 35 mL. 1 .32 mmol) 
provided 95.0 mg (95%) of the title compound as a white solid after flash chromatographic separation on silica 
(gradient 70% toluene/hexane to 5% ethyl acetate/toluene), mp: 118.0-120.5-C; 'H NMR (CDO,. 300MHz) 8 
0 66 (3H. s). 0.83 (3H. d. J = 6.5Hz). 0.84 (3H. s). 0.85 (3H. d. J = 6.4Hz). 0.86 (3H, r, J = 6.9Hz). 0.92 (3H. d. 
j = 6.4Hz), 0.65-2.07 (33H. m). 2.24-2.35 (1H. m). 3.91-3.93 (1H. m). 5.00-5.15 (2H. m) and 5.80-5.98 (1H. 

m) By following the procedures described above in Example 88, the compound of Example 97 was prepared. 



Example 97 

Preparation of (4a,5a.14o^2E)-4-(2-propenyl)-stJgmast-22-en-3-one. 
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This example illustrates the preparation of a 3-position ketone useful as an intermediate for preparing the 
compounds of the invention. 
LKhh.mchip<67.0mg.9Je.mK^ 

3-one (1 00 a. 2.44 mmol). t-BuOH (0.230 mU 2.44 mmol). 1.3-pentadiene (2 mL) and allyl iodide (0.670 mL 
7 32 mmol) provided 526 mg (48%) of the title compound as a white solid after stirring at -78'C for 6h and 
flash chromatographic separation on silica (gradient toluene/hexane 60% to 100%). which was recrystaDized 

*Z • iSSSSS 'H NMR (CDO* 300MHz) 8 0.71 (3H. s). 0.81 (3H. d. J = 6.5Hz). 0.82 (3H. U -UHJ 
0% SI d. J = 6.3Hz). 1.02 (3H. d. J = 6.6Hz). 1.07 (3H. s). 0.65-1.60 (18H. m). 1.62-1 80 3H m) .1.94-2.09 
m m). 2.20-2.54 <5H. m). 4.95-5.08 (3H. m). 5.16 (1H. dd. J = 15.1 and 8.5Hz) and 5.72-5*6 (1H. m). 
By following the procedures described above in Example 89. the compound of Example 98 was prepared. 

Example 98 

Preparation of (3a. 4a. 5a. 22E)-4-(2-propenyl)-stigmast-22-en-3-ol. 




K-Selectride (0.880 mL 1M in THF). (4a, 22E. 24R)^(2-propertf )-24-(ethyl)(^les^ mg. 
0 4^ mmol) THF (5 mL). methanol (0.20 mL). 5N NaOH (0.572 mL. 2.86 mmol) and 30% HA (0292 mL. 
2.86 mmol) provided 1 86 mg (93%) of the tide compound as a white solid after flash se ]£ 
ration on silica (gradient 60% toluene/hexane to 5% ethyl acetate/ toluene), mp: 141.0-142.0^. JH NMR 
300MHz] 8 0.68 (3H. s). 0.81 (3H. d. J = 8.3Hz). 0.82 (3H. t. J = 6.7Hz). 0.83 (3H. s). 0.86 (3H. d. J = 
£5 5 d, J = 6.5Hz); 0.65-1.78 (26H. m). 1.93-2.10 (3H. m). 2.23-2.34 (1H. m). 3.90-3.93 (1H. m). 
4.97-5.21 (4H, m) and 5.82-5.96 (1H. m). 



Example 99 
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Preparation of (3a,4o,5a>^(2-propenyi)choJestan^ol octadecanoate (ester): 

An acid chloride of Oleic acid was prepared by a mixture of 4.0g of oleic acid (14.0 mmoles), 1 .8g of oxayt 
chloride (14.0 mmoles), 1.1g of pyridine (14.0 mmoles), a catalytic amount of DMF, and 50mJ Of ChfeCt* which 

5 was stirred at room temperature for 1 hr. The reaction was concentrated in vacuo and 50ml of CH2CI2 was added 
to the crude acid chloride. The reaction mixture was chSled to 0°C and a solution of 3.0g [4o,5a}-4-(2-prope- 
ny1)cholestan-3a-ol (7.0 mmoles) in 25ml of CH^ was added dropwise. The reaction stirred overnight with 
the ice bath removed. The reaction was concentrated in vacuo and the crude product was purified by prepa- 
rative H.P.LC. (gradient 0-5%, ethyl Acetate: hexanes) yielding Z25g (46%) of an oO. 

10 M.S. (FD) MH**693 



Bern. Anal. 


H»0 2 




Calc'd 


Found 


C 


82.93 


82.91 


H 


12.47 


12.55 



1H NMR (CDCI 3 ) d 4.88 (s, 1H. HC-OCOCHJ, 4.98 (m, 2H, Hr=CH), 5.36 (m, 2H, -HOCH-), 5.62-5.79 (m, 
20 1H,HC=CH2) 

Example 100 



25 



30 




\ 

Preparation of (3p,4a,5a)-3-rr«thyM^2-propertyl)cholestar^3-d: 

40 

A solution of 2.0 g of 4a-4-(2-propenyi)cholestan-3-one (4.7mmoles) in 10ml of diethyl ether was chilled 
to -78°C. To the solution, a 2.0M solution of methyl magnesium bromide in diethyl ether was added slowly. 
The reaction was stirred overnight slowly coming to room temperature. A saturated ammonium chloride solution 
(aq.) was added and the organic layer was isolated and dried over MgSO*. and concentrated in vacuo. The 
45 crude product was purified via flash chromatography (8% ethyl acetate: hexanes) yielding 620 mg of product 
M.S. (FD) MH*=442 



50 



Bern. Anal. C^H^O 




calc'd 


found 


C 


84.09 


84.13 


H 


12.29 


12.39 



'H NMR (CDCI3) d 4.98-5.14(m, 2H, HaOCH). 5.91-6.08 (m, 1H. HC=Cm) 
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EXAMPLE T-1 



to 



15 



20 



The following experiments were carried out to demonstrate the abaity of the compounds of the present 
invention to upregulate LDL receptor synthesis. 



40 



45 



Method 



A 1546 base pair sequence of the human LDL receptor promoter was amplified using the polymerase chain 
reaction. A reaction mixture containing 20 pMoles each of the synthetic oligonucleotides 
JScGCCATATGAGTCTTAACTGCCAAAAATTCTTATCATCAAT-3- (Seq. I.D. No: 1) and 5-AA6- 
CAAGCTTTCGCAGCCTCTGCCAGGCAGTGTCCCGACCCGGA-3', (Seq. I.D. N«2) 1 ug human genome 
DNA purified from the adenocarcinoma cell line P3UCLA, 200 pM each of dATP. dGTP. dCTP. and TTP. 2.5 
unte STaq DNApolymerase. 10mMTris-Ha pH 8.3. 50 mM KO. 15 mM MgC12. 0.1% gelatinm a final vdums 
oMOoTwas subjected to 30 cycles of 15 sec at 96'C 30 sec at 55-C. and 1 min at 72-C. The "*tenalwas 
eTectrophoresb <T a 1% agarose gel and the 1546 base pair band ~ M**"* -J**" 
digested ^hWndlll and Ndel. This fragment was ligated into the ptasmid Pf^JJ™^* B »*f >■ 
Stad I previously b"e^ restriction enzyme nuclease digested with Hind III and Nda L The resulting vector 
pNLDLRP, was restriction endonulease digested with Ndel and Hind III and the matenal was aga.n run on a 
1 % aoarosa ael to reisolate the 1 546 bp LDL receptor sequence. 

Piasmid vector PSv2 was constructed by digesting piasmid pSv2-globin with Hind HI «^ll then hgrtng 
an Nrul-Xhol linker into the vector. Piasmid pSv2 gtobin is disclosed in U.S. Patent No. 4.775.624. the enbre 
teaching"ofwhich is herein incorporated by reference. The linker contained the following sequences: 

5 ' -AGCTTCGCGACTCGAGA-3 ' (Seq. I.D. Mo: 3). and 
25 5 ' GATCTCTCGAGTCGCGA-3 ' (Seq. I.D. Wo:4) . 

The resulting vector was designated pSv2-H NXB because it contained a BamH I site, an Nrul she m , Xho! 
m >ST MM The Hind lll-Bgl II fragment of piasmid pAlc4(NRRL B- 18783), which contains thef^refjy 

ao Sera^wasthen^ 

fhrminn nana was then Ikjated into the Bam HI site of the resultant piasmid to form piasmid pSv2. 

T?M6 ^e Z ^gnint was isolated and cloned into a Ndel and Hjnd III (partial) restriction digested 
vector pSv2 containing the firefly hiciferase reporter gene and a gene for neomycin Stance. The resulbng 
vecS pLDL^uclNecllO. contains the human LDL receptor promoter driving expression of the f^flyluofer- 
35 ase gene a gene coding for neomycin resistance, ampicaiin resistant marker and an ong.n of repbcaton 

pTa^na?LDL-Luc 1 Neo-10 was used to stably transfect Chinese Hamster Ovary cells using a bpofection 
Rea gent kit and procedure from Gibco BRL Research Products Division Life Technologies Inc. Transformants 
^ Se^y^ng individual colonies grown in Dulbecco's modified Eagle's medium supphmented with 

tvine serunfand containing 500 pg per m, 25 hydroxychdesterol. A cel. 
lected that showed the highest luciferase production and at least 50% repression in the presence of Geneticin 

(G-418) done S27/B30 was used for subsequent screening. , „ w , n . . 

in developing a cel. based screen it ia important to have a negative conbol/ ^^ S ™*^ £ 
ideJtathisp^inthatKhasanumto 

« wTuiSr^onW of end product repression: but they do have a high degree of sequence , homology 
%EmZ long sterol response element found in the LDL receptor promote. The SV40 promoter 
sCw therefore tea sensitive mechanism to screen out agents that induce nonspecrf ic •ranscnpton 

Chta^eHanster Ovary cells were stably cotransfected with a vector pSV2AL-A 5' containing he SV40 

%£Z£££L. Transfections were carried out using the Lipofectin Reagent lot and procedure from 
3E BRL Research Products DM*n Life Technologies Inc. ^"^^^^2^ 
ual colonies orown in Dulbecco's modified Eagle's medium supplemented with 10% fetal bovine serum ana 
SntatnToSTper ml of geneticin. Individual clones were selected, lysed and assayed for lucrferase pro- 
STaSSSlTlN 0 was found to have the highest luciferase expression and was used as a negative 
control for the LDL receptor screen. 
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Assay 
A. Media 



5 Both the "growth medium' and the "assay medium" am prepared from the same basal medium wh.ch as- 
sists of three parts Dulbecco's modif ted Eagle's medium and one part (by volume) of Ham's F-12 
?he addition of (HM selenium, 50 pM ethanolamine. and 20 mM hydroxyethylp.pera2.ne ethanesulfon«acKl. 
C^h medl is basal medrumsupplemented w*h 5% v/vfetal 

supplemented with 0.5% Bovuminar Cohn fraction V powder (bovine albumm) and 0.5 pg/mJ 25-hydroxycho- 
10 lestero). 



B. Cell Culture 



The recombinant CHO cell lines (clone 8, done 527B30 or done SV40-LN9) are seeded at 5 x 1C ceUsMell 
15 int0 z^TpTates in 0.5 ml growth medium and incubated at 37-C in a humidified aj atmosphere conteinmg 
5% CoT At confluence (2-3 days after seeding), the growth medium is removed, the monolayers ^nnsed 1X 
^h^te (uTnTel.) and either vehide or candidate test compound is added to triplicate wells. The plates 
are incubated for an additional 24 hr and then assayed for luciferase activity. 

20 C. Luciferase Activity 

Farf, well is washed 1X in phosphate buffered saline withoutCa^orMg* (500 ptfwell). and the cell mono- 
.ayer^by^ 

15 mS Mglo 1 1 mM dithiothreitol. and 1 mM ATP. A 50 pi aliquot of each *sate Is dButedto 425 pi ir the 
2S l^e aseay btrffer and placed in LKB luminometer and the reaction is initiated by the .mecfcor .of 

fodferiHSnt output from the luciferase reaction is expressed as peak lummescence and « pro^portona. to 
SrL cVncSSon. Total protein is determined in each lysate (~5 pi) by Coomass,e brtliant blue G250 

30 defineTas^molarconcentrationofagentreq^ 

fn ^^oT Relative effective dose is the product of the luciferase specific activity of a compound divded by 
fn^cS tea^^^ A number. ess than one represents 

35 ^CreS^oTevaluating compounds of the present invention are set forth below in Table .. 
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Table I 

(in vitro Lucif erase Activity Test) 



Example NO. MED RED MA% 

3 1 2.2 0.97 144 

10 4 1 2.2 1.00 80 

5 2 5.8 1.02 121 

5 2 2.3 0.20 120 

5 2 2.3 1.00 135 

f5 6 2 21.7 0.96 72 

6 2 21.7 1.90 67 

7 2 11.2 1.97 46 

7 2 45 45 30 

8 1 5.6 2.50 51 

20 9 1 2.0 0.88 60 

10 1 10.3 4.5 55 

111 NA 

12l NA 

25 13 1 NA 

14l NA 

15 1 NA 

16 1 NA 

30 17l NA 

18 1 NA 

19 1 NA 

20* NA 

2ll NA 

35 22 1 18% (NA > 

232 5.02 0.44 49 

23 2 10.12 1.8 37 
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Example No. 


MED 


RED 


MA% 


242 


8.9 


1. 57 


J / 


242 


8.9 


0.78 


48 


242 


1.8 


0.32 


87 


252 


4.1 


0.72 


89 


252 


4.1 


0.36 


64 


252 


8.3 


1.46 


79 


262 


9.1 


0.79 


59 


262 


9.1 


1.6 


34 


27 2 


9.1 


4.0 


32 


29 2 


14 


2.5 


37 


302 


8.9 


3.2 


76 


301 


17.3 


3.2 


65 


301 


8.9 


0.8 


92 


312 


9.7 


4.3 


46 


322 


8:6 


3.8 


36 


332 


9.8 


4.3 


28 


342 


4.8 


2.1 


38 


351 






NA 


36 2 


40 


1 / . 0 


OA 

4b U 


36 1 






MA 

HA 


37 A 






NA 


oq2 
38* 


fid 


7 37 


33 


jo 


42 


3.7 


58 








NA 


402 


2.3 


1.0 


99 


40 1 


2.9 


0.51 


110 


40 1 


5.9 


0.52 


71 


4ll 






NA 


42l 






NA 


43l 






NA 


44 2 


5.8 


2.5 


62 


44 2 


1.16 


1.05 


78 


44I 


11.6 


2.04 


77 


44I 


2.9 


0.5 


56 


45l 






NA 


46 1 






NA 


47l 






NA 


48l 






NA 


49I 






NA 


50l 


6.2 


1.09 


81 


50l 


6.2 


0.54 


92 
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30 



Example No. 




prn 

t\EtU 


MA% 


ci2 
51^ 


1 28 


1.16 


173 


Cll 


6*4 


1.13 


112 


col 


1.5 


0.13 


121 


_~1 




1 08 

X • W 


85 


1 


1 5 

X • W 


0.26 


136 


col 


3 


0.53 


86 


col 
52 A 


6.2 


0.54 


84 


53 x 


11 9 


2.1 


57 


- - 1 
53 x 


S 9 


0. 52 


99 


54 1 


IP 7 


1 OS 


102 


54 x 


IP ^ 




92 


55 1 






NA 


_ - 1 
56 1 






MA 


58 x 






MA 


62 x 






MA 


- . o 
64 2 


£ o 


P 77 


141 

X 4 X 


_ . o 
64 2 


10 A 


1 HQ 




- . o 
64 2 


£ 0 


i in 

X • xU 


/ u 


^ ^ o 
64 2 


c o 


c >1 c 


*7*7 


- - o 

64 2 


o>i o 


Q O 
O . O 


110 
X X 7 


- — O 

65 2 


11 1 
11. J 




1 nn 


65 2 


OO c 


O. QC 


71 
/ X 


- — O 

65 2 


11 

11 . J 


Q Q 


*1 o 
J o 


66 x 


1 o 


1 AG 


71 


66 x 


c 
o 




/ -j 


_-i 
66 x 


P4 


?1 A 
zx . o 


i on 


66 x 


C 
D 




1 OR 


66 x 


0 


1 Ofi 
X • UQ 


lift 

XX o 


67^ 




n dft 


116 

XX o 


67 2 


C A 


c n 


11ft 

XXo 


p 


OP P 
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74 


67 x 


11 1 




111 


67 x 


pp p 


1 0 

X • 7 


7£ 


68 x 


P A 


n p 


AP 


68 A 






NA 


fifll 


11.8 


10.7 


33 


68l 


47.4 


16.7 


39 


68l 






NA 


69 2 


46.5 


20.5 


48 


69* 


46.5 


16.4 


39 


69l 


23.2 


8.2 


47 


70 1 






NA 
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Example No. 


MED 


RED 


MA% 






7ll 








WA 






732 


11.0 


0. 


97 


Z / 




= 4 / 


77I 


40*8 


4. 


6 


DO 


\n= 


79I 


40.3 


5. 


4 


29 


(n= 


=2 J 


80 1 








NA 






8ll 


44.9 


7. 


9 


32 






85l 


2.7 


0. 


36 


138 


(n= 


=2 ) 


86 1 


5 . 6 


2. 


0 


AQ 


(ns 




87* 


23.2 


8. 


3 


14 


89 1 


2.8 


0. 


25 


102 


(n= 


=2) 


9ll 


2.7 


0. 


24 


96 


(n= 


=2) 


93l 


4.9 


0. 


43 


131 


(n= 


:2) 


96l 


8.3 


0. 


73 


93 


(n= 


:3) 


98 1 


22 


2. 


0 


66 







1 Tests using 30% lucif erase activity cutoff point (viz., 
compound tested must have 30% greater light emission than 
control compound of Example 4) 

2 Tests using 15% lucif erase activity cutoff point (viz., 
compound tested must have 15% greater light emission than 
control compound of Example 4) 

MED is minimum effective dose 

RED is relative effective dose (compared to compound of 
Example 4) 

MA is maximum activity (%) over control 
NA is not active 

number of samples in test is one (n=l) , unless otherwise 
indicated 

The following section describes animal tests which illustrate the cholesterol lowering efficacy of the 
pounds and method of this invention. 



EXAMPLE T-2 

In vivo testing of the compounds of the invention was done as described below: 



Protocol: 

Syrian Golden hamsters were fed a cholesterol test diet made of 10% coconut oil and 0.12% cholesterol 
(by weight) in Purina 5001 Rodent Chow to induce hypercholesteriolemia. 

After two weeks on the cholesterol test diet the hamsters were bled from the orbital sinium under light C02 
anesthesia Serum was prepared and analyzed for cholesterol using a commercial test kit (Cholesterol High 
Performance Single Vial™, product of Boehringer Mannheim Corp., Indianapolis, IN, USA). The hamsters were 
separated into groups of six animals, such that each group had approximately the same mean serum choles- 
terol levels. Selected compounds of the invention were incorporated into the Cholesterol Test Diet at 0.2% (w/w) 
and fed to the hamsters for one week. A control group of hamsters continued on the Cholesterol Test Diet dunng 
the same one-week period. The dose of test compounds of the invention was equivalent to 100 mg/kg/day 
based on the weight of the hamsters and their diet consumption. Upon completion of the test period, the an- 
imals were bled and serum cholesterol determined as above. 
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Test Results: 

Mean serum cholesterol values from the test hamsters were compared to values from the control group 
and tested for significance at the £.05 level using DunnetTs test The results are displayed In Table I below. 

TAPLB 1 

Percent Lowering of 
Serum Cholesterol Cholesterol from 
(mg/dL Control Value* 



Teat 


Mean 


± SEM 


Mean 


± SEM 


Compound 












337 


11 


0.0 


3.1 


(1) 


163 


9 


51.8 


2.7** 


(2) 


171 


5 


49.2 


1.6** 


(3) 


181 


15 


46.3 


4.4** 


(4) 


198 


11 


41.4 


3.4** 


(5) 


202 


13 


40.2 


3.8** 


(6) 


209 


13 


38.0 


4.0** 


(7) 


209 


15 


38.0 


4.4** 


(8) 


210 


14 


37.8 


4.2** 


(9) 


222 


13 


31.2 


4.0** 


(10) 


234 


12 


30.7 


3.4** 


(11) 


240 


30 


28.8 


8.8** 


(12) 


245 


14 


27.4 


4.0** 


(13) 


253 


24 


25.1 


7.0** 


(14) 


259 


47 


23.2 


5.6 


(15) 


261 


6 


22.6 


1.9 


(16) 


267 


22 


20.8 


6.4 


(17) 


269 


23 


20.2 


6.8 


(18) 


309 


17 


8.6 


5.1 


(19) 


312 


23 


7.5 


6.7 


(20) 


328 


37 


2.7 


11.1 


(21) 


330 


19 


2.0 


5.7 


(22) 


345 


28 


-2.4 


8.2 


(23) 


364 


26 


-7.8 


7.7 


(24) 


422 


42 


-25.0 


12.3 


(25) 


464 


22 


-37.4 


6.4 



•negative values indicate serum cholesterol increased 
relative to control. 

"differ from control value by Dennett Test at p£0.05 



Compound Identification for Table 2: 
4a-alky^5-chdestarv3a-ol 
[4a ? 5aH-(2-propenyl)cholestan-3a-ol 
4a-(4-fluoro benzyl )chdestan-3a-ol 
(3a,4a,5cu20PHK2-propenyl)cholestan-3-ol 
4a-benzytchdestan-3-one 
(2o,3a,5ah2-(2-propenyl)chdestan-3-oJ 
4a(4-ttf luoromethoxybenzyl) chdestan-3a-ol 
[4a(E),5aH-92-butenyl)cholestan-3a-ol 
(3a,4a,5a,20pH-propylcholestarv3-ol 

(3a,4aH7-[4-(methylpentyl^ 

4a-(4-iodobenzyl)cholestan-3a-ol 

(3p,4a t 5a)-4-(2-butenyi)cholestan-3-ol 
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(3a.4a)-4-(2-propenyl)cholestane-3 l 2a-dtol 

(3a,4a,5a)^(3>dibrDmo-2-pfopeny!)cholestan-3-ol 

4a-(4-hydroxybenzy*)cholestarv3a-ol 

4a-4-(2-propenyl)choiestarv3-one 

(3p,4a,5a)-4-(2-propenyi)cholestaf>-3-ol 

(3a,4a)-17-(pheny!methoxy>4-{2-propenyl)androstaiv3-ol 

4a-benzy1cholestan-3-one 

(3a.4a t 5a)-4-(2-propeny<)cholestarv3-ol octadecanoate 4^2-propenyl)cholestan-3-one 
(33.4a f 5a^0p)-4^2-propenyl)cholestarv3"ainine 

Nk[(3a,4a f 5a^OP>-^2-propenyl)cholestan-3-y1]ac8tamide 5a-chotestan-3a-oJ 
(3a,4a,5a,20PH-{2-propeny!)cholestaiv3.amine 

EXAMPLE T-3 

Monkey Pflot Study of the Compound of Example 5 for Changing Plasma Cholesterol Levels 
Objective: 

To study the effect in short term lowering of plasma cholesterol concentrations in African green monkeys. 
Method: 

Six African green monkeys were given a hypercholesterolemic diet containing 16.4% lard and 0.33% chol- 
esterol for two weeks to establish a baseline cholesterol level. Thereafter, two daOy doses of [14<x,5a}-4~(2- 
propenyi)cholestart-3a-ol, the compound of Example 5. were administered in their feed at 25 mg/kg/day total 
daily dosage. After ten days the drug dose was increased to 50 mg/kg/day for an additional 3 weeks, followed 
by a washout period when no drug was administered and the hypercholesterolemic diet was maintained. Blood 
samples were drawn on the days indicated and plasma was prepared for analysis. Cholesterol was determined 
by standard enzymatic techniques(method of Allain et ai., using diagnostics high performance Cholesterol Re- 
agent No. 236691, product of Boehringer Mannheim Co., Indianapolis, Indiana USA). 

Results: 

Test results as shown in Tables 3(a) and 3(b) below: 
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Table 11a) 



10 



15 



20 





Animal 




Day 


Dav 

A/ay 




Day 


Dav 




No. 


-12 


-5 


o 


5 


8 


4 


Dose 1 




none 


none 


none 


25 


25 


50 


1 


270 


280 


275 


268 


208 


184 


2 


363 


400 


382 


411 


386 


878 


3 


182 


185 


183 


175 


172 


155 


4 


197 i 


190 


194 


182 


184 


159 


5 


208 


202 


205 


189 


174 


148 


6 


254 


295 


275 


252 


249 


211 


Mean 


246 


258 


252 


244 


226 


205 


SEM 2 


27 


34 


31 


36 


35 


36 




Table 3(b) 



Animal 
NO, 

Dose 1 


Day 
12 


Day 
20 


Day 7 
Washout 


Day 14 
Washout 


Day 21 
Washout 


1 


172 


188 


209 


226 


270 


2 


276 


314 


251 


311 


344 


3 


159 


143 


165 


176 


193 


4 


169 


161 


192 


159 


168 


5 


157 ' 


142 


174 


173 


216 


6 


206 


206 


200 


213 i 


246 


Mean 


190 


192 


199 


210 


240 


SEM 2 


19 


26 


12 


23 


26 



30 



35 



40 



1 Dose in mg/kg/day 
2 SEM=Standard Error of the Mean 



45 



Conclusions: 

The responses in this pilot study showed that [4a.5aH.(2-propeny!)cholestan-3a-ol was effective in low- 
ering plasma cholesterol levels in the animal model used. 

As noted above, the compounds of the present invention are useful for upregulating LDL receptor synthesis 
at the chromosomal level and lowering serum cholesterol levels. The term -upregulating' means the presence 
55 of a compound of Formula I in a mammal increases the rate at which RNA polymerese can bind to the beginning 
of the gene that codes for LDL receptors and initiate the synthesis of the mRNA for said LDL receptors. The 
higher amounts of LDL receptor mRNA leads, in turn, to correspondingly more LDL receptors. It is not clear 
whether this upregulation occurs by derepressing LDL receptor synthesis, inducing LDL receptor synthesis. 
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relieving attenuation, removing a ligand responsible for end product repression or by some combination of these 
means. A further embodiment of the present invention is a method of upregulating LDL receptor synthesis com- 
prising administering to a mammal in need of treatment an LDL receptor synthesis upregulating dose of a com- 
pound of Formula I or a pharmaceutical acceptable salt or solvate thereof. Another embodiment of the pres- 
5 ent invention is a method for lowering serum LDL cholesterol levels comprising administering to a mammal in 
need of treatment, a serum LDL cholesterol lowering dose of a compound of Formula I or a pharmaceutical^ 
acceptable salt or solvate thereof. A further embodiment of the present invention comprises administering to 
a mammal in need of treatment an atherosclerosis inhibiting dose of a compound of Formula I or a pharma- 
ceutical^ acceptable salt or solvate thereof. A still further embodiment of the invention is the use of the corn- 
to pounds of the invention to effect transfer of cholesterol from HDL particles to LDL particles. 

The term "effective amount" as used herein, means an amount of a compound of the present invention 
which is capable of upregulating LDL receptor synthesis and lowering serum LDL cholesterol levels and/or in- 
hibiting atherosclerosis. The upreguJation of LDL receptor synthesis, serum LDL/cholesterol lowering and 
atherosclerosis inhibiting methods contemplated by the present invention includes both medical therapeutic 
15 and/or prophylactic treatment, as appropriate. A specific dose of a compound administered according to this 
invention to obtain therapeutic and/or prophylactic effects wBI, of course, be determined by the particular cir- 
cumstances surrounding the case, including, for example, the compound administered, the route of adminis- 
tration and the condition being treated. A typical daily dose will contain a non-toxic dosage level of from about 
0.01 mg/kg to about 50 mg/kg of body weight of an active compound of this invention. Preferred daiy doses 
20 generaDy will be from about 0.05 mg/kg to about 20 mg/kg and ideally from about 0. 1 mg/kg to about 1 0 mg/kg. 
The compounds can be administered by a variety of routes including oral, rectal, transdermal, subcutane- 
ous, intravenous, intramuscular, and intranasal. The compounds of the present invention are preferably for- 
mulated prior to administration. Therefore, another embodiment of the present invention is a pharmaceutical 
formulation comprising an effective amount of a compound of Formula I or a pharmaceutical^ acceptable salt 
25 t hereof and a pharmaceutical^ acceptable carrier, diluent or excipient therefor. 

The active ingredient in such formulations comprises from 0.1 % to 99.9% by weight of the formulation. By 
"pharmaceutically acceptable" ft is meant the carrier, diuent or excipient must be compatible with the other 
ingredients of the formulation and not deleterious to the recipient thereof. 

The present pharmaceutical formulations are prepared by known procedures using well known and readily 
30 avaflabJe ingredients. In making the compositions of the present invention, the active ingredient will usually 
be admixed with a carrier, or diluted by a carrier, or enclosed within a carrier which may be in the form of a 
capsule, sachet, paper or other container. When the carrier serves as a diluent It may be a solid, semi-solid 
or liquid material which acts as a vehicle, excipient or medium for the active ingredient Thus, the compositions 
can be in the form of tablets, pills, powders, lozenges, sachets, cachets, elixirs, suspensions, emulsions, sol- 
as utions, syrups, aerosols, (as a solid or in a liquid medium), ointments containing, for example, up to 10% by 
weight of the active compound, soft and hard gelatin capsules, suppositories, sterile injectable solutions, sterile 
packaged powders, and the like. 

The pharmaceutical compositions containing the active ingredient may be in a form suitable for oral use. 
for example, as tablets, troches, lozenges, aqueous or oily suspensions, dispersible powders or granules, emul- 
40 sions, hard or soft capsules, or syrups or elixirs. 

Compositions intended for oral use may be prepared according to any method known to the art for the 
manufactuere of pharmaceutical compositions and such compositions may contain one or more agents select- 
ed from the group consisting of sweweetning, flavoring, coloring and preserving agents in order to provide phar- 
maceutically plataWe preparations. Tablets containing the active ingredients in admixture with non-toxic phar- 
45 maceutically aceceptaWe exctpients which are suitable for the manufacture of tablets. These excipients may 
be, for example, inert diluents, such as calcium carbonate, sodium carbonate, lactose, calcium phosphate or 
sodium phosphate; graulating and disintegrating agents, for example, maize, starch, or alginic add; binding 
agents, for example starch, gelatin or acacia, and lubricating agents, for example, magnesium stearage, stearic 
acid, or tela The tablets may be uncoated or they may be coated by known techniques to delay disintegration 
so and absorption In the gastointestinal tract and thereby provide a sustained action over a longer period. 

The compounds of formula (I) may also be administered in the form of suppositories for rectal administra- 
tion of the drug. These compositions can be prepared by mixing the drug with a suitable non- irritating excipient 
which is solid at ordinary temperatures but liquid at the rectal temperature. Such materials are cocoa buter 
and polyethylene glycols. 

55 The following formulation examples are illustrative only and are not intended to limit the scope of the in- 
vention in any way. "Active ingredient' of course, means a compound according to Formula I or a pharma- 
ceutically acceptable salt thereof. 
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Formulation 1 



10 





Quantity (mg/capsuie) 


Active ingredient 


250 


Starch, dried 


200 


Magnesium stearate 


10 


Total 


460 mg 



15 



20 



Formulation 2 

A tablet is prepared using the ingredients below: 





Quantity (mg/capsule) 


Active ingredient 


250 


Cellulose, microcrystalline 


400 


Silicon dioxide, fumed 


10 


Stearic acid 


5 


Total 


665 mg 



The components are blended and compressed to form tablets each weighing 665 mg 
30 Formulation 3 



45 







Weight 


35 


Active ingredient 


0.25 




Ethanol 


25.75 




Propellant 22 (Chlorodifluoromethane) 


70.00 


40 


Total 


100.00 



The active compound is mixed with ethanol and the mixture added to a portion of the propellant 22, cooled 
to -3<y>C and transferred to a filing device. The required amount is then fed to a stainless steel container and 
diluted with the remainder of the propellant The vaJve units are then fitted to the conta.ner. 

Formulation 4 

Tablets, each containing 60 mg of active ingredient, are made as follows: 



50 



55 
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Active ingredient 


60 mg 


Starch 


45 mg 


Mfcrocrystalline cellulose 


35 mg 


Polyvinylpyrrolidone (as 10% solution in water) 


4 mg 


Sodium carboxymethyl starch 


4.5 mg 


Magnesium stearate 


0.5 mg 


Talc 


1 mg 


Total 


150 mg 



The active ingredient, starch and cellulose are passed through a No. 45 mesh U.S. sieve and mixed thor- 
15 oughly. The aqueous solution containing polyvinyl-pyrrolidone is mixed with the resultant powder, and the mix- 
ture then is passed through a No. 14 mesh U.S. sieve. The granules so produced are dried at 50°C and passed 
through a No. 1 8 mesh U.S. Sieve. The sodium carboxymethyl starch, magnesium stearate and talc, previously 
passed through a No. 60 mesh U.S. sieve, are then added to the granules which, after mixing, are compressed 
on a tablet machine to yield tablets each weighing 150 mg. 

20 

Formulation 5 

Capsules, each containing 80 mg of active ingredient, are made as follows: 



Active ingredient 


80 mg 


Starch 


59 mg 


Microcrystalline cellulose 


59 mg 


Magnesium stearate 


2 mg 


Total 


200 mg 



The active ingredient cellulose, starch, and magnesium stearate are blended, passed through a No. 45 
mesh U.S. sieve, and f Died into hard gelatin capsules in 200 mg quantities. 

35 

Formulation 6 



Suppositories, each containing 225 mg of active ingredient, are made as follows: 



40 


Active ingredient 


225 mg 




Saturated fatty acid glycerides 


2,000 mg 




Total 


2.225 mg 



45 The active ingredient is passed through a No. 60 mesh U.S. sieve and suspended in the saturated fatty 
acid glycerides previously melted using the minimum heat necessary. The mixture is then poured into a sup- 
pository mold of nominal 2 g capacity and allowed to cool. 

Formulation 7 

so 

Suspensions, each containing 50 mg of active ingredient per 5 ml dose, are made as follows: 



55 
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Active ingredient 


50 mg 


Sodium carbaxymethyl cellulose 


50 mg 


Syrup 


1.25 rrt 


Benzoic acid solution 


0.10 ml 


Ravor 


q.v. 


Color 


Q.V. 


Purified water to total 


5ml 



The active ingredient is passed through a No. 45 mesh U.S. sieve and mixed with the sodium carboxy- 
methyl cellulose and syrup to form a smooth paste. The benzoic acid solution, flaw and a^r«^w«h 
HorCof the water and added, with stirring. Sufficient water is then added to produce the requ,red volume. 

Formulation 8 

An intravenous formulation may be prepared as follows: 



Active ingredient 


100 mg 


Isotonic saline 


1,000 ml 



The solution of the above ingredients generally is administered intravenously to a subject at a rate of 1 ml 

P8f Ttetvention may be embodied in other specific forms without departing from the spirit or essential char- 
acteri^TheS^esent embodiments are therefore to be considered m all respects as il.usb.tive and 
nouSbSive. the scope Tof the invention being indicated by the appended cteims rather ha„ by the fc^ 
£scZoTand al changes which come within the meaning and range ofequrvalencyofthecha.ms am there- 
fore intended to be embodied therein. 




wherein: 

Ri is a straight chain C t -C 4 alkyl or C r C 4 halo alkyl; 

R2 is hydrogen, methyl, or halomethyl; 

R* is hydrogen. C r C« alkyl, C r Ce haloalkyl, or a group 



109 



EP0 562 849 A2 



v 

where R« is hydrogen, halo. C r C 4 alkyl, C r C 4 haloalkyl CrC 4 alkenyl, or Cj-C* haloalkenyl; 
R7 is hydrogen, methyl, halomethyt, or halo; or 

R« and R 7 are combined with the carbon atoms to which they are attached to form a substituted 
or unsubstituted Cs-Ce cycloaJkenyl, substituted or unsubstituted Cs-Ce cycloalkadienyl, substituted phenyl 
or unsubstituted or substituted heterocyclic ring; 

R* is hydrogen, methyl, halomethyl, or halo; 

R* is hydrogen, =C-X* -C^CH^C^fc, substituted benzyl, or -(CH^-X* where n = 1 to 6. and X* 
is independently hydrogen, -OH, d-Ce alkyl, CrC, haloalkyl, d-C« alkoxy. C r Ce haloalkoxy. substituted 
or unsubstituted phenyl, substituted or unsubstituted phenoxy. substituted or unsubstituted benzyloxy.haio 
-SH, or -S(C r C 4 alkyl), <* monocyclic heterocyclic ring; 

R« is the group 

-A-Z-R 1Q -K> 

Whefe A is a bond, -O-. -CHr . -CH(CH^, -CH<CH 2 CH3)-, -CH(halo)-. -C(halo)r. or 

CH 3 

— c— ; 

OH 

and 

Z is a bond, -O-. -CHj-, -CH(CH^-. -CHCCHjCHa)-. -CHflialo)-. -C(halo)r. or 

CH3 



OH 

provided that only one of A and Z are -O-. -CH(CH 3 >-. -CH(CH 2 CH,)-.-CH(halo>-, -Cflialo)*-. or 

CH 3 



T 



OH 

R 1 °is 

(i) a divalent unsubstituted or substituted, branched or unbranched radical derived from a C r C 12 alkane, 
or 

(ii) a divalent unsubstituted or substituted, branched or unbranched, unsaturated radical derived from 
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3 CyCi alkene 

wh ere the substituents of (i) and (0) are one or more of the same or different hydroxy. -CHjNCalkyf)* 
ecetamido, substituted amino, amino, mercapto, -S(C r C alkyt). halo, or two adjacent carbon atoms may 
each be bonded to the same oxygen atom to afford an epoxide; 

X» is hydrogen, unsubstituted or substituted phenyl. unsubstituted or substituted Phenoxy oru.v 
substituted or substituted benzyloxy, halo, hatoaikyi. OH -SH ^^ C *2J' 
-OCCFh, C,-C 4 alkoxy. -C(0)C,-C 4 alkyl. -C(0)(C r C, alkenyl) -CHO. -COOH. -COO(C r C 4 alkyl). 
-NR 11 R 12 -C(0)NR ,1 R 12 where R 11 and R 12 are independently hydrogen or C1-C4 alkyl; 

R« is hydrogen, provided the steroid nucelus is saturated, or R« is absent when the nucleus 8 
unsaturated at the 4,5 or 5.6 position; „n,« w v^, 

X' is hydroxy, acyioxy. amino, acetamido. substituted amino, mercapto. O. or (C,-C 4 aikoxyjcar- 

^^SchX 2 is independently oxygen; hydrogen, hydrogen; hydrogen, hydroxy; hydrogen, mercapto; 
halo, hydrogen; or halo. halo. 
2. The compound as claimed in daim 1 or a pharmaceutical* acceptable salt thereof wherein; 

Ri is a straight chain C,-C 4 alkyl; 

R 2 is hydrogen or methyl; 

X' is hydroxy, amino, mercapto. =0. acetamido. or (C,-C 4 alkoxyjcaroonyloxy; 

each X 2 is independently oxygen; hydrogen, hydrogen; hydrogen, hydroxy, or hydrogen, mercapto; 

R» is hydrogen. C,-C 6 alkyl or a group 

/ 
HC 

R« is hydrogen, C r C 4 alkyl or CarC 4 alkenyl; 

% ano^o^tn^h the carbon atoms to whfch they are attached to form a subbed 
orunsubsLedC r C,cydoalkenyl. substituted or unsubstituted Cs-CcydoalkaAenyl. substituted phenyl 
or unsubstituted or substituted heterocyclic ring; 

RMs hydrogen or =CH-X« where X* is hydrogen. OH. C,-C« alkyl. 0,-0, alkoxy. substituted \« ^un- 
substituted^* substituted or unsubstHuted phenoxy. substituted or unsubstituted benzyloxy ora ni- 
trogen containing heterocyclic ring. 

R s is a group 

-ArZ-R 10 -X* 

where 

A is a bond. -0-. -CHr. -CH(CH3)-. or -CHtCHzCH,)-; 

different hydroxy, amino, mercapto. halo or two adjacent caroon atoms may each be *ondedto the same 
aSm to afforo an epoxide; unsubstituted or substituted Or C« alkenyl where the substituents are 
1 or 2 of the same or different hydroxy, amino, mercapto or halo; 

X 2 is hvdroaen halo. OH. -OF,. -CN, 0,-0, alkenyl. -OCF 3 . C,-C 4 alkoxy. -C(°) c i- C « alkyl. 
C(OMcV£ S3 > ^HO -COOH. -000(0,-0. alkyl). -NR 1, R 12 . -C(0)NRHR« whe re R« and R« are 
ndSe^y M^gen or 0,-0. alky., unsubstituted or substituted phenyl. 

phenoxy or unsubstituted or substituted benzyloxy. and acceptable salts thereof, pro- 

vided that only one of A and Z are -O-. -C(0)-. -CH(CH 3 )- or -CH(CH 2 CH 3 )-. 
3. A compound as daimed in daim 1 or its pharmaceutical* acceptable salt represented by having the for- 
mula IV 
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10 




15 



20 



wherein: 

R' is a straight chain d-C 4 alkyl or C r C 4 halo aikyl; 
R2 is hydrogen, methyl, or halomethyl; 
R 5 is the group 

-ArZ-R 1Q -X» 



where 



A is a bond, -O-, -CHr. -CHfCHj)-. -CH(CH 2 CH3K -CH(halo)-, -CChalo)^, or 



25 



30 



CH3 



r 

OH 



and 



Z is a bond, -O. -CrV. -CH(CH S )-. -CH(CH*CH 3 )-. -CH(halo)-. -C(halo)r, or 



35 



CH 3 



40 



OH 



provided that only one of A and Z are -O-. -CH(CH 3 )-. .CH(CH2CH3)-.-CH(halo)-. -C(haJo) 2 or 

CH 3 



so 



OH 



R"is 



(i) a divalent unsubstituted or substituted, branched or unbranched radical derived from a C r C 12 aJkane, 
55 or 

(ii) a divalent unsubstituted or substituted, branched or unbranched, unsaturated radical derived from 
a C r C 12 alkene, 

where the substituents of (i) and (ii) are one or more of the same or different hydroxy, -CH 2 N(alky0 2 . 
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substituted amino, amino, mercapto, -S(C r C, alkyi). te*°> <* tw0 adjacent cartoon atoms may each be 
bonded to the same oxygen atom to afford an epoxide; 

X* is hydrogen, unsubstituted or substituted phenyl, unsubstituted or substituted phenoxy or urv 
substituted or substituted benzyioxy, haio, haloalkyl, OH, -SH. -S(C r Ce alkyl), -CF* -CN, CVCs aikenyl, 
-OCfFfe. C r C 4 alkoxy, -0(0)0,-^ alkyl. -C(0)(C r C 6 aikenyl) -CHO. -COOH. -C00(C r C 4 alkyl), 
. N rhri2 -C(0)NR 11 R 12 where R 11 and R 12 are independently hydrogen or CrC 4 alkyl; 

X 4 is hydrogen, -OH, 0,-0* alkoxy, substituted or unsubstituted phenoxy, substituted or unsubsti- 
tuted benzyioxy or -NR*R* where R 8 and R» are independently hydrogen or C r C 4 alkyl or combine with 
the nitrogen atom to which they are attached to form a substituted or unsubstituted nitrogen containing 
heterocyclic ring. 

A compound as claimed in claim 1 having the formula (II) or a pharmaceutical^ acceptable salt thereof; 



where, R« is hydrogen, halo. C r C 4 alkyl. C1-C4 haloalkyl. C r C 4 aikenyl, or C r C 4 haloalkenyt; 
R 7 is hydrogen, methyl, halomethyi. or halo; or 

R« and R 7 are combined with the carbon atoms to which they are attached to form a substituted 
or unsubstituted C5-Q1 cydoalkenyl. substituted or unsubstituted Cs-C, cydoalkadienyl, substituted phenyl 
or unsubstituted or substituted heterocyclic ring; 

R* is hydrogen, methyl, halomethyi, or halo; 

R4 is hydrogen, -CHiC^CpC'h. substituted benzyl, or -(CH^-X* where n = 1 to 6, and X 4 is in- 
dependently hydrogen. -OH, C r Ce alkyl. C r Ce haloaikyl. C^C, alkoxy. CrC haloalkoxy. substituted or 
unsubstituted phenyl, substituted or unsubstituted phenoxy. substituted or unsubstituted benzyioxy. -OH. 
-SH, or -S(C r C 4 alkyl),or monocyclic heterocyclic ring; 




wherein: 



Ri is a straight chain d-C 4 alkyl or CrC 4 halo alkyl; 
R2 is hydrogen, methyl, or halomethyi; 
R3 is hydrogen. CrC 6 alkyl. C,-C« haloalkyl. or a group 




R s is the group 



-A-Z-R 10 -X* 



where 
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A is a bond. -0-, -CHr. -CH(CH,>-. -CHtCHjCHj)-. -CH(halo)-. -C(halo)r. or 

CHa 



-C— 

I 

OH 



and 

Z is a bond. -O-. -CH r . -CH(CH,)-. -CHtCHaCH,)-. -CH(halo)-. -qhatoJr. or 



CHa 
OH 

provided that only one of A and Z are -O-. -CH(CH,h -CHtCH.CH^.-CHChalo}-. -C(halo) r . or 

CH3 



OH 

(i) a divalent unsubstituted or substituted, branched orunbranched radical derived from a C,-C 12 alkane. 

0) a divalent unsubstituted or substituted, branched or unbranched. unsaturated radical derived from 

3 ^e^'thTsubstituents of (i) and (ii) are one or more of the same or different hydroxy. -CH^alkylh, 
acetamido, substituted amino, amino, mercapto. -5(0,-0, alkyi). halo, or two adjacent carbon atoms may 
each be bonded to the same oxygen atom to afford an epoxide; 

X'Thyiogen. unsubsSed or substituted phenyl, unsubstituted or substituted phenoxy or un- 
substitld « sutetituted benzytoxy. halo, haloalky.. OH, -SH. -3(0,-0, alkyl). -OF,. -ON C^Q , alken* 
alkoxy. -CW-C, alky.. -C(0)(C r C. alkeny.) -OHO. -COOH -000(0,-0. alkyl). 
-NR ,1 R 12 -CWJNR^R 12 where R 11 and R 1J are independently hydrogen or 0,-04 aiKyi, 

R« fe hydrogen, provided the steroid nucelus is saturated, or R« is vacant when the nucleus » 

unsaturated at the 4,5 or 5,6 position; wwWirK/> _ w 
X< is hydroxy, acyioxy, amino, acetamido, substituted amino, mercapto, or (C r C 4 aikoxy)carbony- 

^2 fe independently oxygen; hydrogen, hydrogen; hydrogen, hydroxy, hydrogen, mercapto; halo, 
hydrogen; or halo, halo. 

A compound as claimed in claim 1 and its pharmaceutical* acceptable salts, wherein said compound is 
selected from the group consisting of: 

[4a(E),5aH-(2-butenyl)cholestan-3aol, 

[4a,5aH-(2-propenyi)cholestan-3a-ol , 

[4a(E),5aH-(2-butenyl)-25-hydroxycholestan-3a-ol, 

[4a,5ah^butylcrK>lestan-3a-ol, 

^(EJ.SaH-t 2 ^^ 611 ^)- 301 aminocholaetane, 

[4a(E),5a]-4-(2-butenyl)-3a acetamidocholestane, 
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[4a(E),5a]-4-(2-buteny1)-3p acetamidocholestane, 4aK4-fluorobenzyl)cholestan-3a-cJ, 

4a-{4-bromobenzyi)cholestan-3a-o* 1 

4a-<4-iodobenxyf)cholestan-3a-ol ( 

4a-<4-trifluoromethyi benzyl )cholestan-3a-ol. 

4a-<4-dichlorobenzyl)cholestan-3a-ol, 

4a-<4-cyanobenzyt)cholestan-3a-ol t 

4a^4-nwthoxycart>onylbenzyl)cholestan-3o-ol, 

4a^4-trtfluoronwthox^enzyl)chole8tan-3a-ol, 

4a-<4-chtoro benzyl )cholestan-3a-ol. 

4a-(4-benzyloxybenzyl)cholestan-3a-oi, 

4a-(4-hydroxymethylbenzyl)cholestan-3a-o<, 

4a-K4-carboxybenzyi)cholestan-3a-ol, 

4a^4-hydroxybenzyl)cholestan-3a-ol. 

4a-benzyW-cho!estarv3a-ol, 

4a-<2-propenyi>-5-cholestaiv3a-ol t 

4a^2-propenyl)-cholan-24-N,N-dlmethylamino-3a-ol, 

3a, 12a-dihydroxy-25-azacoprostane. 

3a-hydroxy-25-azacoprostane f 

3a, 7a-dihydroxy-25-azacoprostane. 

30,7a, 12a-trihydroxy-25-azacopfOStane f 

3o,7a, 12a-dihydroxy-25-azacoprostane, 

(3o,4o, 5a)- 1 7-(pentytaxy)-4-(2-propenyl) androstan-3-ol , 

(3a. 4a, 5a)-17-(octyioxy)-4-<2-propenyl) androstan-3-ol , 

(3a,4a)-17-[4-methylpentyl(oxyJ-4-{2-propenyl) androstan-3-ol , 

(3o,4a)-17-(3- phenyl propoxy(QxyH-(2-propeny<) androstan-3-ol , 

(3o,4a)-17-(phenylmethoxyH-(2-propenyl) androstan-3-ol , 

(3o,4a>-17«[(4Adimethy1pentyl)oxyl^2-propeny1) androstan-3-ol , 

2Khydroxymethylene)^-(2-propenyl)cholestan -3-one, 

(2o,3a,5a)-2-(2-propenyl)cholestan-3^ 

3p.4o,5a^OPH-(2-propeny1)cholestan-3-ol 

N-[(3o,4o,5a 20p)-4-{2-propenyl)cholestan-3-61]acetamide, 

(3a,4a,5a,20PHH3.3-dlfluoro-2-propenyl) cholestan-3-ol 

(3a,4a,5o,20p>^(2-propenyl)cholestarv3-amine 

(3a,4o,5a,20pH-propylcholestan-3ol 

(3o,4aH-(2-methyl-2-propenyl)cholestan-3-ol 

(3o,4a)^(2-chlon>2-propenyl)cholestan-3-ol 

(3a,4a)^(2-bronK>-2-propenyl)cholestan-3-ol, 

(3o,4o, 24RH-{2-propenyl)-24-(ethyl)cholestan-3-ol. and 

(3a, 4a, 22E, 24R)-4-(2-propenyl)-24-(ethyl)cholest-22-en-3-ol. 

A pharmaceutical formulation comprising; a compound as claimed in any one of claims 1 to 7. together 
with a pharmaceutical^ acceptable carrier or diluent therefor. 

A multi-mode pharmaceutical composition comprising: 

(1) a compound as claimed in any one of claims 1 to 7; 

(2) a cholesterol and/or lipid control agent selected from the group consisting of: 

(a) bie acid sequestrants, 

(b) nicotinic acid and its derivatives, 

(c) HMG-CoA reductase inhibitors, 

(d) gemf ibrozi and f ibric acids, 

(e) probucol, 

(f) raloxifene and its derivatives, and 

(g) mixtures thereof; and 

(3) optionally; diluents, carriers or excipients. 

A compound of formula (I) as claimed in any one of claims 1 to 7, or a pharmaceutical^ acceptable salt 
thereof for use in lowering serum LDL cholesterol. 
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A process for preparing a compound having the formula (I) or a pharmaceutical^ acceptable salt thereof; 




whereim 

Ri is a straight chain C,-C 4 alkyl or C,-C 4 halo alkyl; 

R2 is hydrogen, methyl, or haJomethyi; 

R' is hydrogen, d-Ce alkyl. C r C« haioaJkyl, or a group 



R 7 



where R» is hydrogen, halo, C,-C 4 alkyl. C,-C 4 haloaikyl. CrC 4 alkenyl. or C^C* haloalkenyl; 
97 is hydrogen, methyl, halomethyl. or halo; or 

R« and R 7 are combined wHh the carbon atoms to which they are attached to form a substituted 
orunsubstituted Cs-Cecycloalkenyl, substituted or unsubstituted Cs-C, cydoalkadienyl. substituted phenyl 
or unsubstituted or substituted heterocyclic ring; 

R» is hydrogen, methyl, halomethyl. or halo; 

R« is hydrogen. =C-X*. -C^CH^*)* substituted benzyl, or -(CH^-X* where n = 1 to 6. and X* 
is independently hydrogen. -OH. C-C, alkyl. C-C. haloaikyl. C-C alkoxy. C,-C haloalkoxy; substituted 
or unsubstituted phenyl, substituted or unsubstituted phenoxy, substituted or unsubstituted 

-SH. or -S(C r C 4 alkyl). or monocyclic heterocyclic ring; 
R< is the group 

-A-Z-R^X* 



where 



A is a bond. -O-. -CHj-. -CH(CH,)-. -CH(CH 2 CH,)-. -CH(halo)-, -C(halo) r . or 



CH 3 
C — 

I 

OH 



and 



116 



EP0 562 849 A2 



Z is a bond, -O-, -CHr, -CH(CHj)-, -CH(CH 2 CHah -CH(heJo)-. -C(halo)r. or 



10 



15 



20 



CH 3 



T 



OH 

provided that only one of A and Z are -O-. -CH(CH,)-. -CH(CHjCH^-.-CH(haloK -CKhalo)r , or 

CH3 



T 

OH 



R™is 

(i) a divalent unsubstituted or substituted, branched or unbranch ed radical derived from a C r C 12 alkane, 
or 

25 (ii) a divalent unsubstituted or substituted, branched or unbranched, unsaturated radical derived from 

a C2-C12 atkene, 

where the substituents of (i) and (0) are one or more of the same or different hydroxy, -CH2N(alkyi)2, 
acetamido, substituted amino, amino, mercapto, -Std-C, alkyl). halo, or two adjacent carbon atoms may 
each be bonded to the same oxygen atom to afford an epoxide; 
30 X 3 is hydrogen, unsubstituted or substituted phenyl, unsubstituted or substituted phenoxy or un- 

substituted or substituted benzyloxy. halo, haloalkyl, OH, -SH, -S(C t -C alkyl). -CF 3 , -CN, C^Ce alkenyl, 
-OC(F) 3 . C r C 4 alkoxy, -C(0)C,-C 4 alkyl. -C(0)(C2-C 6 alkenyl) -CHO, -COOH, -COO(C r C 4 alkyl). 
-NR 11 R 12 , -C(0)NR 11 R 12 where R 11 and R 12 are independently hydrogen or C r C 4 alkyl; 

R« is hydrogen, provided the steroid nucelus is saturated, or R 1S is absent when the nucleus is 
55 unsaturated at the 4,5 or 5,6 position; 

X 1 is hydroxy, acyloxy, amino, acetamido, substituted amino, mercapto, =0. or (C r C 4 alkoxy)car- 

bonyioxy; and 

each X 2 is independently oxygen; hydrogen, hydrogen; hydrogen, hydroxy; hydrogen, mercapto; 
halo, hydrogen; or halo, halo. 
40 which process comprises sequential steps (i). (ii) and (iii), wherein; 

step (i) is the reaction of a 4-choiesten-3-one with a secondary amine, 
step (ii) is alkytation and hydrolysis of the reaction product of step (i), and 
step (Hi) is reduction of the reaction product of step (ii). 

45 10. A process for preparing a compound having the formula (III) or pharmaceutical^ acceptable salt thereof; 
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wherein; 

Ri is a straight chain C^-C* alkyl or <VC 4 halo alkyl; 

R2 is hydrogen, methyl, or haJomethyl; 

R3 is hydrogen, d-C a alkyl. C r Ce haloalkyl, a group 



H 2 f/ R 6 



R« is hydrogen, halo, C r C 4 alkyl. C t -C 4 haJoaikyl, CrC 4 alkenyl, or C^C 4 haloalkenyl; 
R7 is hydrogen, methyl, halomethyl, or halo; or 

R« and R 7 are combined with the carbon atoms to which they are attached to form a substituted 
or unsubstituted Cs-C* cydoaikenyl. substituted or unsubstituted Cg-Ce cydoalkadienyl, substituted phenyl 
or unsubstituted or substituted heterocyclic ring; 

R» is hydrogen, methyl, halomethyl, or halo; 

R* is the group 

-ArZ-R'O-X* 



where 



A is a bond, -O-, -CHr, -CH(CH3>-. -CH<CH 2 CH3)-, -CH(halo)-. -C(halo)r. or 



CH 3 



OH 



and 

Z is a bond. -O-, -CH r . -CH(CH3>-. -CHfCHjCHa)-. -CH(halo)-. -C<halo)r, or 
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10 



15 



20 



CHa 

_ P 

OH 

provided that only one of A and Z are -O-. -CH(CH,>-. -CHfCHjCHsh-CHfhato)-. -C(halo) r . or 

CH 3 



I 

r 

OH 



R 10 ts 

(I) a divalent unsubstituted or substituted, branched or unbranched radical derived from a C r C 12 alkane, 

(ii) a divalent unsubstituted or substituted, branched or unbranched, unsaturated radical derived from 

8 tl^substituents of (i) and (ii) are one or more of the same or different hydroxy, -CH 2 N(alkyt)2, 

25 acetamido. substituted amino, amino, mercapto, -S<C r Ce alkyl), halo, or two adjacent carbon atoms may 

each be bonded to the same oxygen atom to afford an epoxide; 

X3 is hydrogen, unsubstituted or substituted phenyl, unsubstituted or substituted phenoxy or un- 
substituted or substituted benzyloxy. halo, haloalkyl. OH, -SH. -S(C r Ce alkyl). -CF 3 . -CN, Cz-C, aJkentf. 
-OC(F) s . C r C 4 alkoxy. -0(0)0,-04 alkyl. -C(0)(C 2 -C e alkenyl) -CHO, -COOH, -000(0,-0, alkyl), 
30 -NR 11 R 12 , -C(0)NR"R 12 where R 11 and R 12 are independently hydrogen or C r C 4 alkyl; 

X 1 is hydroxy, and 
r« is hydrogen, 

which process comprises sequential steps (i) and (ii) wherein; 
step (i) is a reductive alkylating of a 4~cholesten-3-one,as shown by the reaction sequence IX, and; 
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X. 



30 



35 



40 



45 



SO 
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